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Preface, 



In this book. I have given out two new and precise methods, 
one for the determination of the grating constants of crystals and 
the other for the absolute measurement of the wave-lengths of 
X-radiations, which I have announced in a series of three articles, 
of which the first has been in collaboration with Dr. V. Doiej- 
sek, professor and director of the Spectroscopic Institute. 

It is usual to experimentally determine the glancing angle r/ 
inorder to compute therefrom the grating constants of crystals by 
the relation given in the fundamental Bragg's equation. But Pa¬ 
vel k a and Kunzl-Koppel on the one hand and Valouch and 
Bouchal-Dolejsek on the other have utilized the differential 
glancing angle x. instead of the glancing angle r/ . for the determina¬ 
tion of the grating constants of crystals, it has been shown that 
the usage of the differential glancing angle is more advantageous 
than the use of the actual glancing angle in determining the grating 
constants of crystals. To verify the special advantages of the use of 
the differential glancing angle. I have used a new spectrograph 
which I have constructed with the help of Prof. Dr. V. Dolejsek. 

I have tested and verified the special merits of the use of the 
differential glancing angle with the above mentioned new spectro¬ 
graph and have then developed and worked out the two above 
mentioned methods. Of the two. the first is a method for precisely 
determining the grating constants of crystals, in which the 7-method 
of Bragg and the ^-method of Bouchal-Dolejsek are so combined as 
to enable us to determine the amount of displacement of the 
Bragg's reflecting plane of the grating crystal and thus to entirely 
eliminate the errors due to its displacement and other defects from 
the values of the grating constants. But in the case of perfect 
crystals with an adjustment entirely free from displacement, this 
method infalliably testifies the correctness of the results obtained 
by other methods. 

Then as regards the new method of precisely determining the 
wave-length of X-radiation. I have made use of the differential 
glancing angle y. m>n instead of the glancing angle 7 as it is usually 
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done. From the relation between the differential glancing angle 
and its correlative glancing angles <p m and q? n and from the direct 
connection between d m>n . d m and d n as given in the Kunzl-Koppel's 
equation. I have developed a new equation for the wave-length 
of X-radiation. 1 have then experimentally determined the differen¬ 
tial glancing angle x m>n according to the Siegbahn's famous precise 
method for measuring the glancing angle (p. inorder to compute 
therefrom the wave-length of X-radiation by the relation given 
in the above mentioned equation. This new method is more advan¬ 
tageous than the ^-method of Bragg, in as much as the errors due to 
vertical and horizontal displacements as well as due to other defects 
of the crystal are diminished to an extent verging almost to an 
entire elimination. These mentioned advantages of this new method, 
in fact, manifest themselves in my values of the wave-lengths of the 
characteristic K-x X-radiations of Gallium. 

In concluding the preface. I beg to offer my heartiest thanks to 
Prof. Dr. V. Dolejsek not onl} r for cordially receiving me in his 
laboratory but also for kindly supplying me with the necessary 
requisites for my experimental research. I am very much obliged to 
Prof. Dr. F. Zaviska for kindly bringing out all the results of my 
research work in a series of articles in the esteemed ’’Journal 
Tchecoslovaque de Mathematiques et de Physique” and also for 
kindly taking pains in patiently going through the manuscript of 
this work and drawing my attention to some inadequacies. I am 
also indebted to Prof. Dr. M. Valouch for looking after the typo¬ 
graphic excellence of the work and to all the fellow-research scho¬ 
lars and brethren for their kind sympathy and friendliness. 

But above all. I am under yet greater obligation to His High¬ 
ness Sri Maharaja Sir Narendra Shah, the ruling chief of Tehri- 
Garhwal State (INDIA), who. by continuous interest in my cultural 
activities, has enabled me to be in philosophic and scientific pur¬ 
suits and to bring forth this work. It is my great privilege to tender 
my deepest gratitude and gratefulness to His Highness. 

Swami Jnanananda. 


Spectroscopic Institute, 
Charles' University . 
June 1936. 



A General Outline. 


A new type of spectrograph lias been constructed. Its principal parts 
are three coaxial cylinders of chrome-nickel-steel, which are made by 
Skoda-Works. The grating constant of a zinc sulphide crystal has been 
measured with this spectrograph using the method of Siegbahn to verify the 
advantages of the x-methods against the ^-method as shown by the former 
authors. It has been shown that the defects of the crystal such as displace¬ 
ment can be determined and eliminated by the combination of the <p- and 
the x-methods. The possibility of the said determination is given by the 
fact that the value of the constant of crystal grating derived through the 
x-method can be, in the first approximation, taken to he the correct value. 
After determining the said error of displacement, even the minute error of 
the measured angle x can be eliminated. The said method has been experi¬ 
mentally verified. 


The method, wherein the <p- and the x-methods are combined for tho 
precise measurement of the grating constants of crystals, is applied. Here, 
in this work, only the glancing angles have been directly measured and 
the differential glancing angle x has been derived from the measured 
glancing angles. In this case the errors due to vertical displacement are 
neither diminished nor eliminated. 

The individual fietive grating constants of zinc sulphide (ZnS) cry¬ 
stals, whose reflecting Bragg's planes do not agree with the cut surface, 
as found by Ad. NSrnejcova, are given. Tlio mentioned method is used 
also for tlie measurements of the grating constants from two different 
orders of the same wave-length (Kimzl-Koppel method) and it lias been 
found that the said application is very important if short wave-lengths, 
such as Mo K-series, are used. 

The influence of the impurities on the values of the grating constant 
of the two used zinc sulphide crystals is found to he in the limits of 0,2 X. l\ 


The method wherein the <p- and the x-methods are combined for 
the determination of the grating constants of crystals is applied for the 
precise adjustment of the Bragg’s reflecting plane of the crystal in the 
axis of the spectrograph. The values of the fietive grating constants d v 
d 2 and the real grating constant dx> obtained in this case from the glancing 
angle (p agree with those obtained from the differential glancing angle x. 
The precision of the obtained values is discussed and they are used for 
the further application of the differential glancing angle x. 

A method is given for the measurement of the wave-lengths of 
X-radiation, with the help of the differential glancing angle x of the same 
wave-length in two different orders and two fietive grating constants, 
by means of the equation 



This method is verified with a zinc sulphide (ZnS) crystal and the precise 
values of /. for the K-x-lines of gallium are given. These measured values 
are compared with those obtained by Uhler and Cooksey with the help 
of Moseley’s law as modified by Dolejsek and Pestrecov. 


7 



NEW AND PRECISE METHODS IN THE SPECTROSCOPY 



Chapter The First. 


A precise method of determining the constants of crystal grating 

by the combination of y- and */.- methods. 


Two precise methods of determining the constants of crystal 
grating have been developed and have already been published. 
These methods do not require to measure the glancing angle (/. 
as demanded by the Bragg's law. but they need to measure and 
utilize the angle x. the difference between two glancing angles. 
These differential glancing angles in either one of these two 
methods have been experimentally determined only with the 
Siegbahn’s well-known precise spectographic method of measur¬ 
ing the glancing angles. 

Of these two ^-methods. one. evolved by Kunzl and Koppel. 1 ) 
measures in the manner of Pavelka, 2 ) the difference between the 
glancing angles of the same radiation in two different orders rn 
and ft, i. e. x = (p n — cp m , while the other, evolved by Bouchal and 
Dolejsek, 3 ) measures in a manner similar to Valouch. 4 ) the diff¬ 
erence between the glancing angles of two different radiations A ft 
and Xy in one and the same order, i. e., x = <p n>¥ — cf n fi . Such is the 
difference between these methods so far as their fundamentals 
are concerned. Again if we look at the specific advantages, which 
have been shown in the cited papers, the difference between them 
is even greater. In the Kunzl-Koppel’s method the fictive constants 

varv in accordance with the radiations used and thev natural I v 

« * 

differ from those of Bragg. In the series of the fictive constants 
derived by this method, which vary according to the radiations, 
a particular fictive constant, corresponding to a particular wave- 


M V. Kunzl-J. Koppel, C. R. 196 (1933), 787; 196 (1933), 940; f'asopis 
63 (1934), 109; Jouni. tie Phys. 5 (1934), 14.7. 

8 ) A. Pavelka, Bull. de l*Ac»ul. do So. do Bolioino *28 (1927), 442. 

3 ) F. Bouehal-V. Dolojsok, C. It. 199 (1934), 10.74; Casopis 63 (193.7), 34. 

4 ) M. A. Valouch, Bull, do PAcad. do So. do Bohorno 28 (1927), 31. 
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length, can be found which agrees with the real grating constant. 
In the method of Bouchal-Dolejsek. the fictive constants do not 
vary with the wave-lengths used and they agree with the fictive 
constants derived from the ^-method of Bragg. In this method any 
two wave-lengths can be so chosen as to make the angle * much 
smaller than in the Kunzl-Koppel’s method, and through such 
a selection of the small angle *. it is possible to enlarge the advan¬ 
tage of the other one where the value of the angle * is nearly as 
great as that of the angle g . We cannot however make a right 
use of this additional advantage for in the region of small angles 
the discrepancy of the scale has great influence on the results. 

Jn this work, in verifying the mentioned advantages of the 
^-methods of determining the grating constant of a crystal given 
by the former authors. I have developed a new method by the 
combination of the qr- and methods for entirely eliminating the 
discrepancy due to the defects of the grating crystal (such as dis¬ 
placement etc.), there by avoiding the necessity of selecting the 
angle * which is small. Here, in applying this method, I have meas¬ 
ured and given out the precise value of the grating constant of 
a zinc sulphide (ZnS) crystal as its verification. 

I have chosen zinc sulphide crystal as a diffraction grating, 
since it has, owing to small grating constant. 5 ) large dispersion, 
and at the same time has. as shown by Kiipferle. 6 ) a good reflecting 
power. Therefore it is of great value as a diffraction grating for 
X-rays. From the other side, the natural surface of this crystal is 
very usually not quite regular and consequently it is not possible 
to adjust the forefront surface of the crystal exactly at the centre 
of the spectrograph with the usual optical methods. It can be noted 
that even with such an irregular surface of the crystal, we can with 
the *-method derive precise value of the grating constant and there¬ 
by demonstrate the special merit and advantage of the ^-method. 

For our proposed work I have used a new spectrograph 
(Fig. 1) which I have constructed. In its principal parts, this 
spectrograph consists of three coaxial cylinders. These cylinders 
are made of chrome-nickel-steel by Skoda-Works in Plzeii (Czecho¬ 
slovakia). They are cut and ground so as to fit in one another so 
precisely that they do not admit cavity or looseness amidst them 
more than 1 to 2/n This is of course the highest precision that is 
possible to obtain. The precision of our measurements, is however 
limited by conditions other than those of the cylinders as it can 
be noted from our readings and results. Through the choice of 
cylinders instead of conical axles the possibility of the eccentricity 


5 \ A 1 O 

6 ) o'. Kiipferle, ZS.’f. Phys. 93 (1935), 237. 



niMTKK THK FIKST 


of the inner and outer evlinders is diminished. The materia! of the* 

* 

evlinders is sueh that it does not permit rubbing in dm* to friction 
so as to stop the motion of the evlinders. 'Flu* middle cylinder is 






fixed to the body of the spectrograph. The inner cylinder forms the 

axle of the crvstal table and the outer evlinder that of the cassette 

& • 

holder. The construction of the spectrograph, which can he seen 
from the sketch (Fig. 2). is besides having the said evlinders instead 
of cones also different only in certain details from the usual spectro¬ 
graph of the Siegbahn’s type. This is of course due to the fact that the 


*) In tin* preparation of the illustrations, I have boon aided by lug. 
Dr. Josef Slavik, and my thanks an* due to him. 
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First series with a displacement of 0,401 mm. 

Table la. Cm. rp x 


•m* 

Z* 

J nun 

J' 

A 

r t 

dqpfttr 

A t c C 

rp 18° C 

mean va 
lue of 
<r 18° C 

227 

0,322 

4' 24,3" 

94' 44' 47.5" 

23” 40' 5,8" 

7,1" 

23 c 40' 12.9" 

> 


228 

0,757 

10' 21,3" 

94 c 50' 47" 

23° 40' 6,4" 

0,8" 

23 c 40' 13,2" 



230 

0,708 

10' 30,4" 

94° 50' 52" 

23° 40' 5.4" 

7.3" 

23° 40' 12,7" 



231 

0.329 

4' 30,0" 

94° 44' 48" 

23° 40' 4,5" 

7.1" 

23° 40' 11,6" 



233 

0.250 

3' 30.1" 

94 c 30' 51,5" 

23° 40' 5,4" 

5.8" 

23° 40' 11,2" 


• X 

234 

0,200 

3' 33,4" 

94° 36' 53.5" 

23° 40' 0,7" 

6.3" 

23° 40' 13,0" 


w 

235 

0,204 

3' 30,7" 

94° 30' 50" 

23° 40' 0,0" 

0.4" 

23° 40' 13,0" 


o 

CO 

230 

0,200 

3' 38,3" 

94 c 30' 48,0" 

23° 40' 0.5" 

6,0" 

23° 40' 13,1" 


<N 

237 

0,351 

4' 48.1" 

94° 44' 50" 

23° 40' 0,5" 

6,1" 

23° 40' 6,6" 




Table lb. Mo, <p l 


* 

A mm 

J' 

a 


Jipfor 
At° C 

rp 18° C 

'mean va- 
I lue of 
! <p 18° C 

201 

0.200 

2' 44.2" 

42 c 27' 10,5" 

10° 30' 0.0" 

0,9" 

10° 36' 7,5" 



208 

0,189 

2' 35" 

42° 27' 12,5" 

10 f 30' 9,5" 

0,9" 

10° 36' 10,4" 


• 

210 

0,398 

5' 20,9" 

42° 29' 52" 

10° 36' 6.2" 

1,2" 

10° 36' 7,4" 



211 

0,408 

o' 34,5" 

42° 29' 52" , 

10° 36' 4,2" 

1,1" 

10° 36' 5,3" 


CO 

00 

21210.402 

5' 29,8" 

42° 29' 53.5" 

10° 36' 6,0" 

0.9" 

10° 36' 6,9" 


■N 

213 

0,171 

2' 20,2" 

42° 22' 2" 

10° 36' 5.5" 

1,3" 

10° 36' 6,8" 


r » 

214 

0.176 

2' 24.0" 

42° 22' 7" 

10° 36' 7,9" 

1.7" 

10° 36' 9,6" 


0 

o 

238 

0,197 

2' 41.5" 

42° 22' 8" 

10° 36' 12,3" 

M" 

10° 30' 13,4" 



239 

0,106 

2' 10.3" 

42° 22' 9" 

10° 36' 6,3" 

1,1" 

10° 36' 7,4" 



240 

0,187 

2' 33,5". 

42 c 22' 7" 

10° 36' 10,1" 

1,2" 

10° 36' 11,3" 




Table lc. 


Cu — Mo, x 


Plate 1 
No 

J mm 

.1' 

■X 


Jx for 
Jr C 

x 18° C 

n 

4 

215 

0,345 

4' 43.3" 

i 20° 12' 43,5" 

13° 4' 0,1" 

1,7" 

13° 4' 1,8" 

1 

216 

0.338 

4' 47,5" 

! 26° 12' 47,4" 

13° 3'59,9" 

1,4" 

13° 4' 1,3" 


217) 

0.954 

13' 3,3" 

25* 54' 53,0"j 

13° 3' 58,1" : 

1,8" 

13° 3' 59,9" 


218 

0,969 

13' 15,4" 

25° 54' 53" 

13° 4' 4,2" 

1,8" 

13° 4' 6,0" 


219 

0,218 

2' 58,9" 

26° 5' 0.5" 

13° 3' 59,7" 

1,5" 

13° 4' 1,2" i 


220 

0,216 

2' 57,3" 

26° 5' 0" 

13° 3' 58,6" 

1,7" 

13° 4' 0,3" 

* 

221 

0,224 

3' 3,9" 

26° 11' 7" 

13° 4' 1,5" 

1.9" ■ 

13° 4' 3,4" 


223 

0,219 

2' 59,8" 

26° 11' 4,5" 

13° 4' 2.3" 

2,2" ; 

13° 4' 4,5" 


224 

0.207 

2' 49,1" 

26° 5' 5" 

13° 3' 57,0" 

2,2" i 

13° 3' 59,2" 


225 

0.216 

2' 57,3" 

26° 5' 8" 

13° 4' 2,6" 

2,1" 

13° 4' 4,7" 


226 

0,228 

3' 7,1" 

26° 11' 8,5" 

13° 4' 0,7" 

2,9" 

13° 4' 3,6" 



lue of 
< 18° C 


v 

T* 

O 

CO 









CHAPTER THE FIRST 


Table lei. 


Displacement of the crystal I, ... ----- 0.401 mm 

qfiu Kaj.'. 23 ’ 40' 11,0" 

(fi Mo Kaj . — 10° 3(i' 8,(j" 

(j'jCu 9 ?jMo ............. — 13 4 3,3 

Directly measured x . — 13° 4' 2.4" 

Mean x. = 13 J 4' 2,S" 


steel of the cylinders after hardening once, becomes so hard that 
it is no more possible to work on it. The cylinders have been ground 
at a temperature of 20° C. No influence of higher temperature on the 
precision of our readings has been found in the summer days. But 
if the temperature is less than 20° 0. it is rather difficult to rotate 
either the crystal or the cassette. Before I discuss my readings 
with the mentioned spectrograph. I may say that the accuracy 
of the readings is limited by the scale. 

it is with the above stated spectrograph that I have taken 
a set of three series of measurements, one of the glancing angle q 
of Cu Kaj. one of those of the glancing angle </; of Mo Kx, and an¬ 
other series of those of the angle x (Cu — Mo Kxq). which can 
be seen from the Table 1 (a. b . c. andd). First if we consider the series 
of measurements of the glancing angle q of Cu K\ v excepting the 
last of the series, there is only a difference of 1, o or 2 seconds 
between the highest and the lowest value. In the case of the series 
of measurements of the q of Mo there is slightly a greater 
difference between the maximum and the minimum. This preci¬ 
sion is satisfactory for our work. In this connection, we wish to 
point out that the angle x. derived from the mean value of the 
glancing angle q of Cu K-\j and that of the glancing angle q of 
Mo K* 1( agrees with the mean value of the measured angle * with 
only a difference of nearly 0.9". This agreement can be taken as 
a test of the accuracy of our readings. 

I have taken, as I have already mentioned, zinc sulphide 
crystal with a natural cut surface, which has given clear and well 
defined spectral lines. The crystal has however been slightly curved. 

I therefore could not fulfil the necessary conditions of adjust¬ 
ment of the crystal with the usual optical methods. Hence there has 
been actually a certain displacement which has introduced a discre¬ 
pancy in the value of the glancing angle q of Cu Kxj and that of the 
glancing angle q of Mo and consequently in the value of the 
grating constant of the crystal. How the displacement of the 
crystal affects the values of the glancing angles and consequently 
the value of the grating constant of the crystal derived from them, 
can be seen from our Table 2. When we see the first series of meas¬ 
urements which are taken with one and the same condition of the 
crystal-adjustment we find that the values of the constant of 
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Table 2. 

Grating constant of ZnS crystal at a temperature of 18° C. 

I . . . 1st series of measurements with a displacement A = 0,401 mm 
II ... 11 nd series of measurements with a displacement A = 0,025 mm 

I II difference 


<p x CU. 1014,77 ! 1908,6 

mean x. 1908.17 1908,99 ! 

eorr. x . 1908,98 1908,94 1 0,04 1908,96 

. 1923,53 1908.0 

i 


crystal grating derived from y of Cu K* L and (p of Mo K& x are at 
great variance with one another. Applying the value of the 
angle ^ and the values of the wave lengths of Mo and Cu Kaq in 
the Bouchal-Dolejsek’s equation, 7 ) 


mean corr. 
value 


<h XU 



(where d is the constant of crystal grating, n is the order at which 
the radiation is reflected. /.„ is the wave length of the radiation v, 
is the wave length of the radiation ft which is smaller than h) 
I have derived 1908. 17 X. U. as the value of the grating con¬ 
stant of the crystal. This value thus derived from the angle * 
though differs very much from both the values derived from the (p 
of Cu Kftj and the cp of Mo Kaq is. as we show at a latter stage, 
very near to the correct value. But in the second set of three series 
of measurements, shown in the Table 3 (a, b, c and d). which are 
taken with the crystal-adjustment improved and made beter than 
before by a process which we mention later on, the variance in the 
values of the constant of crystal grating derived from each one of 
the three said data {(p of Cu K« 1? (p of Mo K* a and * of Cu — Mo) is 
greatly diminished. In the case of the first set of measurements 
with bad adjustment of the crystal the difference between the ma¬ 
ximum and the minimum of the three said values of the constant 
of crystal grating is nearly 15.5 X. U., while in the case of the 
measurements with better adjustment of the crystal the difference 
between the maximum and the minimum of the three values ob¬ 
tained from the second set of measured data, is only 0,9 X. U. As 
it can be noted from the Table 2. the values derived from the 
glancing angles in both cases with bad and good crystal-adjust¬ 
ments greatly differ from one another, while the values of the 


7) F. Bouchal and V. Dolejsek, C. R. 199 (1934), 1054. 
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Second series with a displacement of 0,0245 nun. 


Table 3a. Cu, tp x 


is 0 
rZ 

J mm 


J' 


l\ 

i 


ft 

I 

zJgpfor 

.ICC 

7 

■ 18 ; 

C 

mean 

value 

Of if 















1S J C 

250 

0,338 

4' 

37,4" 

94° 

54' 

56" 

23= 

44' 

53,3" 

4,3" 

23 = 

44' 

— m / > // 

«>/,6 , -i 


260 

0,386 

5' 

16,8" 

94° 

54' 

56" 

23° 

45' 

3,2" 

2,4" 

23° 

45' 

5.6" i 

++ 

261 

0.182; 

2' 

29,4" 

95° 

2' 

17.5" 

23= 

44' 

57,0" 

2,3" 

23° 

44' 

59,3" 

co 

262 

0,134j 

V 

50,0" 

95° 

2' 

19" : 

23" 

45' 

7,1" 

3,0" 

23° 

45' 

10,1" 

V. 

265 

0,423 

o' 

47,2" 

94° 

55' 

1,5" 

23° 

45' 

12,0" 

1,3" 

23° 

45' 

13,3" 

O 

Tf 

266 

0,402 

5' 

30,0" 

94° 

54' 

49" 

23 3 

45' 

4,7" 

2,2" : 

23° 

45' 

6,9" 

Vi* 

267 

0,203 

2' 

46,6" 

95° 

2' 

50" 

23° 

45' 

0,8" 

1,9" 

23° 

45' 

2.7" 


268 

0,209 

2' 

51,5" 

95° 

2' 

50" 

23° 

44' 

57,0" 

1,9" : 

23° 

44' 

58,9" , 



Table 3b. Mo, (f 1 


1 OJf 

1 1 

J mm! 

J' 

| 

X 

ft 

Aw for; 

. 1C c i 

1 

i 

• 

(p 18= C 

1 

mean 
value 
of <r 
!S° c 

258 

0,247 

3'22,7" 

42° 41'51" 

10° 41' 18,4" 

1,0" 

10= 41' 19,4" : 

\ 


259 

0,265 

3' 37,5" 

42° 41' 51" 

10° 41' 22.1" 

0,8" 

10= 41'22,9" 



263 

0,192 

2' 37,6" 

42° 48' 6,5" 

10° 41' 22,2" 

1.4" 

10= 41'23,6" 


* 

264 

0,182 

2' 29,4" 

42° 48' 9,5" 

10= 41' 25,2" 

0,8" 

io= 4i' 26,0" ; 



269 

0,263 

3' 35,9" 

42° 41'52,5" 

10= 41'22,1" 

! 0,9" 

10= 41' 23,0" ' 



270 

0,247 

3' 22,7" 

42° 41' 52,5" 

• 10= 41'18.8" 

0,8" 

10= 41' 19,6" 


—< 

•+44 

271 

0,255 

3' 29,3" 

42° 41' 55,5" 

10= 41' 21,2" 

1,0" 

10= 41'22,2" 


*• 

* 

272,0,172 

2' 21,2" 

42° 47' 56" 

10° 41' 23,7" 

1,1" 

10° 41' 24,8" 



273 0,175 

2' 23,6' 

42° 47' 57" 

10° 41' 23,3" 

1,3" 

10° 41'24,6" 




Table 3c. Cu — Mo, * 


3o 

z* 

A mm 

J' 


X 

*t 

Ax for 
.1C (.: 

* 18= C 

mean 1 
value of f 
x 18° C 1 

274 

0,269 

3' 40,8" 

26° 

10' 36,5" 

13= 3' 27,8" 

1,7" 

13=3' 29,5" 



275 

0,247 

3' 22,7" 

26° 

10' 31" 

13' 3' 34,1" 

1,9" 

13= 3' 36,0" 


> 

276 

0,313 

4' 16,9" 

26° 

3' 3,5" 

13= 3' 40,2" 

2,2" ■ 

13° 3' 42,4" 


X 

277 

0,306 

4' 11,2" 

26= 

3' 6,5" 

13° 3' 40,9" 

2,0" 

13° 3'40,9" 1 


cc 

278 

0,194 

2' 39,2" 

26° 

9' 59,0" 

13= 3' 39,9" 

1,9" 

13° 3' 41,8" 


' N 

279 

0,182 

2' 29,0" 

26° 

9' 54,5" 

13° 3' 42,7" 

1,3" 

13= 3' 44,0" 


« r 

'i 

280 

0,302 

4' 7,9" 

26° 

3' 10,5" 

13= 3' 39,2" 

2,0" 

13° 3' 41,2" 


CO 

281 

0,307 

4' 12,0" 

26= 

3' 11" 

13= 3'41,5" 

0,8" 

13° 3' 42,3" 




Table 3(1. Displacement of the crystal .1.. .. = 0,0245 rnrn 


Table 3(1. Displacement of the crystal .1.. .. = 0,0245 rnrn 

f ,Cu Ka,. — 23° 45' 04,3" 

'Pi*™ K*i. = 10= 41' 22,0" 

T^jCii ffj.Mo = x . -= 13° 03' 41,4" 

Directly measured x . = 13* 03' 39,8" 

Mean * . = 13° 03'40,V 
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grating constant derived from the measured values of the angle x 
with bad and good adjustments of the crystal, which are 1908. 
17 X. U. and 1908.99 X. U. respectively, are not only at very 
little variance but also very nearly agree with one another. A com¬ 
parison of both these values, obtained from ^ measured with bad 
and good adjustments of the crystal, with one another and a com¬ 
parison of the values of the grating constant derived from the 
values of the glancing angles (p . measured in both cases, with one 
another and also of these values with the values derived from the 
values of the angle reveal the special merit of the x-method. 

I have chosen Cu K\j and Mo Kv x because these lines 8 ) are 
very precisely measured, and the angle ^ (Cu K<x A — Mo Kv x ) may 
be taken to be nearly equal to the glancing angle cp of Mo Ka r It 
has been shown by the former authors that if the angle x is smaller 
than the glancing angle q\ the defect of the crystal has a smaller 
influence on the value of the grating constant than if the angle * 
is nearly equal to the glancing angle 9 ;. But the errors of the scale 
in this case, as I have mentioned before, have again greater 
influence upon the results. To avoid this influence, I have taken 
a larger angle * (even slightlv larger than the glancing angle <p of 
Mo Ky). 

80 , from the above considerations, we see that through the 
^-method, the discrepancy due to the defects of the grating crys¬ 
tal is diminished, but is not altogether eliminated. Now I show 
that by the combination of the <p- and the ^-methods, I can 
exactlv determine the amount of possible displacement and its 
consequent error that enters in the value of the grating constant 
and thus practically eliminate all such errors due to the defects of 
the crystal even if they are great, the only condition naturally 
being that the said defects remain stationary during the course 
of observation. I mention this fact because the result calculated 
from the angle x, derived from the values of two different glancing 
angles measured with two different crystal-adjustments cannot be 
deemed to be more accurate than the results derived from the 

glancing angles. 

Now to show the principle of the mentioned possibility of the 
combination of <p- and ^-methods for the elimination of the discre¬ 
pance due to the defects of the grating crystal, I discuss from 
the Table 4 , the final readings compiled from the Tables 1 and 3 
and their recpeetive results. In the Table 4 we have two different 
values, first lv that of the (p of Cu K^. namely 23° 40’ 11,9" which 
gives us a value of 1914, 77 X. U.. and secondly that of the glancing 

"*7a’. Larson, Phil- Mag. (7) 3 (1927), 1136; Ina Wennerlof, Ark. Mat., 
Astr. och Fysik. (A) 22 (1930), Nr. 8. 
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Table 4. 


Representation of the first series of measurements and their results 

(A —0,401 mm). 

— = o' 13,1" 


l 

g^Cu me as. 

23° 40' 11,9'* 

mean x 
13° 4' 2,8" 

g? 1 Mo meas. 
10° 36' 8,6" 


d 1 = 

1914,77 XU 
d x — 

1908,17 XC 

d,= 

1923,53 XU 


pfiu — to 1908,17 XU 
23° 45' 25.0" 


cor. 

13° 3'40,8 

<p 1 Mo — to 1908,17 XU 
10° 41'19,6 


// 


'/ 


cor. d x — 
1908,98 XU 


X 

CD 

v* 

► 

X 


4^ = 5'11,0* — 


A mean A 
mm mm 


■Id 


Cu 0,416) Q Q1 [ 5' 1,4" 
Mo 0,385j ' \ 5'23,5" 


edx = 

(£<5Cu — |£Mo) 

— 22,1" 




Representation of the second series of measurements and their 

results (A —0,025 ram). 

;- \6 = 18,2" -; 


g?,Cu meas. 
23° 45' 4,3" 

mean x 
13° 3'40,5" 

<Px Mo meas. 
10° 41'22,9" 


1908,6 XU 
d x = 

1908,99 XU 
d x = 

1908,0 XU 


— \6 = 20,0" 

mean A 


mm mm 

Cu 0,02421 0j025 


I* 


LMo 0,0248j 


18 

19 


,4" 1 

, 8 " / 


gr.Cu — to 1908,99 XU 
23° 44' 46,2" 

cor. x 
13° 3'41,9" 

<p x Mo — to 1908,99 XU 
10° 41' 2,9" 


edx = 

(,V<5Cu — \ 5Mo) 
4- i,4* 


cor. d x = 
1908,94 XU 


3 


o 

r* 

X 

D 

X 

o 


o 


angle (p of Mo Koc x , which gives us a value of 1923, 53 X. U. as the 
constant of crystal grating. I have already pointed out that, 
in this case, the difference between these two values of the constant 
of crystal grating is only due to the displacement of the crystal and 
that the value d x = 1908. 17 X. U. derived from the value of the 
angle ^ = 13° 4’ 2,8", is very near to the correct value, in as much 
as the displacement and similar errors are greatly diminished in the 
values derived from it. Assuming this value of the grating constant 
to be the correct one, I have derived from it the corresponding 
values of the glancing angle <p of Cu and similarly that of 
Mo KThus we have the measured value of (p Cu Kand the 
calculated value of (p Cu K* 1? corresponding to the value of — 
— 1908, 17 X. U. and also similarly the measured and the calcu- 
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lated values of q of Mo Since the calculated values of the 
glancing angles of Cu K\j and Mo are derived from the appro¬ 
ximately correct value of the grating constant, they can be taken 
to be approximately correct. The difference between the measured 
value and the calculated value which is assumed to be correct, 
gives half of the approximate displacement error that exists in the 
measured values of the glancing angles q because q cor = q mes -j- 
± where q C0T is the value of the correct glancing angle, <p mes 
is the value of the measured glancing angle and b is the value of 
the displacement. We have therefore \b = o’ 13,1" in the case 
of q of Cu Kvj and \ 6 = 5 7 11.0" in the case of q of Mo K« x which 
can be seen from the Table 4. They are approximately equal. In 
fact these displacement errors should be dissimilar, because any 
particular amount of displacement of the crystal A with two 
glancing angles such as those of Cu K«j, and Mo Kmakes the 
displacement errors in the glancing angles different. Our values 
of .V b . as can be noted from the above mentioned Table, are appro¬ 
ximately equal, because the corresponding calculated values of the 
glancing angles in either case are not derived from the correct value 
of the grating constant of the crystal but are only obtained from a va¬ 
lue very near to the true value. Or in other words, they are derived 
from a value of the angle * having a minute error ebx. From these va¬ 
lues of these displacement errors of d of Cu K.Vj and <5 of Mo K« x I 
have calculated the value of the displacement of the crystal A by 
the above mentioned equation. I have thus obtained two values, 
the mean of which being 0.401 mm and this value can be taken as 
the value of the displacement of the crystal. From this value of the 
displacement of the crystal we can derive the correct values of 
the (3 of 9 Tcu k«, and b of ^ioK*,- From these data we can also 
derive the displacement error ebx of the measured angle and thus 
correct it by elimination from the following considerations. I 
have pointed out that in our case * = q r — qp where q v is the glan¬ 
cing angle of the wave-length A, and q f , is the glancing angle of the 
wave-length ?. fJ> when q v > q fl . It has been already pointed out that 
q\-or = 9 mcs ib \ b<p where q COT is the correct value, <£ mcs the 
measured value of the glancing angle and by is the value of the 
displacement of the particular measured glancing angle q. The 
displacement error b is added if the crystal is displaced away from 
the slit and subtracted if it is displaced towards the slit. So we 
have 


from. . . 

qv cor 

— q* mcs 

± 

1 b 

■2 Vyv 

and. . . 

9Vcor 

q^ mcs 

4- 

i X 

■> 

gle ^... 

^cor 

cor 


q^coT' 

and... 

^IllCS 

9-’vines 


qpi mcs* 
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From these we can deduce an equation expressing the relation 
between the correct angle ^ eor . the measured angle * im , s and half 
the displacement errors }, d vv of the gancing angle (/„ and of 
the glancing angle 9 ^ in the following way: 


where 


'M-or —■ (9 >• incs 

Hi 

(9 M nics _ 0 

t 

~ 'Mill'S HI 

(‘><v- 

2 ^?^) ^ 'Min'S HI 

~ ^ines HI 

€( 5*. 



In our case 



^cor — ^mes _ }(^fCu K.^i ^/MoK»,)- 

and in this special case. 

y -cor = *nies "T (»* 1**1 ° 23.5 ) 


= 13° 4' 2.8" — 0° 0' 22.1" 
= 13° 3' 40.8". 



We have thus through the combination of the cp- and /'-methods 

obtained the corrected value of the angle * which gives us the value 

of d 1 — 1908, 98 X. U. This coiTectcd value, as it can be seen from 

the Table 4, agrees very well with the value of = 1908. 99 X. U. 

obtained from * measured in the second set of observations, with 

a better crystal-adjustemcnt (Table 4). As it has been shown. 

there has been actually a displacement of 0.401 mm in the position 

of the crystal with which we have taken the first set of measure- 

^/ 

ments shown already, and the great divergence in the values of the 
constant of crystal grating, derived from <p of Cu Kv x and that 
from (p of Mo has. been due to this displacement. 

To verify all these results I have shifted away the crystal 
from the displaced position to 0.401 mm. there by improving the 
crystal-adjustment. Again 1 have taken a set of three series of 
measurements (one of the (p of Cu Ksq, the second of the 9 , of Mo 
and the third of the angle * = ^cuK«, — which I have 

called the measurements with better crystal-adjustment and which 
can be seen in the Table 3 (a, 6 , c and d). It can be further seen in the 
Table 4, that the great divergence in the results of the grating 
constant obtained from (p of Mo Kaq and from 9 ? of (hi Kaq, that I 
note in the first set of measurements, is in the second set of meas¬ 


urements very greately diminished. Through the diminution of the 
said divergence in the value of the grating constant, the correctness 
of the calculated displacement of the crystal, with which the first 
set of measurements have been taken, is verified. As a survey of 
the direct experimental verification I wish to point out the 
table No. 5 wherein only the measured values of the glancing 
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angles of Ou and Mo Kaj of the 1st set (of measurements) and 
those of the Ilnd set of measurements are recorded. The difference 
between the values of the measured glancing angles of Cu Kaq 
and Mo Kvj of the 1st set of measurements and those of the Ilnd set 
of measurements gives the 1 / 2 <^cu and the V 2 <5<£mo- Thus 
1 / 2 ^ 9 'Cu — 1 ; 2 ^7 mo = edx = 21.9" and this agrees fairly well with 
the calculated error ebx of the 1st set of measurements, which is 
about 22". thereby establishing the validity of the method of deter¬ 
mining the displacement of the reflecting surface of the crystal and 
of eliminating the error that enters in the value of the angles x and 
consequently in the value of the grating constant of the crystal. 

Table 5. 

Measurements of the 1st and the Ilnd series. 



Tl measured J (5 eSx 

I II 2 

Cu 

Mo 

23° 40' 11,9" 

10° 30' 8,6" 

23= 45' 4,3" 

10° 41' 22,9" 

4'52,4" 

5'14,3" 

j — 21,9" 


If we note the second set of measurements and similarly apply 
again our method we see that there still remains a displacement 
of 0.025 mm in as much as I could not bring the crystal to the 
calculated position as the regulating screw of the crystal table is 
not sufficiently precise for this purpose. Following the same process 
mentioned before. I have determined the ebx which is about 
-f- 1.4" and then eliminated this error from *. Thus we have again 
the corrected x which gives 1908,94 X. U. as the final corrected 
value of the constant of crystal grating. The value of dj, obtained 
merely from the measured and uncorrected angle * of the second 
set of readings, differs from the corrected value only by 0.05 
X. U. The values of d L obtained from <p of Cu Ka x and <p of Mo Koq 
measured with this crystal-adjustment differs from the correct value 
by 0.3 X. U. in the case of Cu and by 0.9 X. U. in the case of Mo. 
From this it is evident that if we calculate with this method, there 
is no need of further improvement of the crystal adjustment. Also 
if we compare the final corrected value of d x derived from the se¬ 
cond set of readings with the corrected value of the constant 
of crystal grating of the first set of measurements, we note that 
this Value obtained from the measurements even with a displace¬ 
ment of 0.4 mm agrees quite well with the final value, only with 
a difference of 0.04 X. U. which is within the limits of the errors of 
observation. Such is the advantage of our method. In the case of 
perfect crystals and proper crystal adjustment the mentioned 
method testifies the correctness of the results. 
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Chapter The Second. 


An application of the method of determining the constants of 
crystal grating wherein if- and x- methods are combined for 
testing the influence of the impurities on the grating constants 

of zinc sulphide crystals. 

In this chapter, 9 ) I wish to give the results obtained by using 
different kinds of zinc sulphide (ZnS) crystals measuring with the 
method described in the preceding chapter. 10 ) This method has 
enabled us to derive precisely the grating constants of the crystals 
whose surfaces are not perfect. The other known precise methods 
require perfect crystals for the measurement of the grating con¬ 
stant. Many crystals, which have a good reflecting power and 
a large dispersion cannot be split perfectly. As for example zinc 
sulphide crystal, as found by Ad. Nemejcova 11 ) from her X-ray 
investigations and established by prof. F. Ulrich with his crystalo- 
graphical measurements, is one of such a type of crystals. 

As an application of the valuable advantages of the men¬ 
tioned method I give here my measurements of the individual 
fictive grating constants of zinc sulphide crystals to prove the ex¬ 
istence of the changes of the grating constant of the zinc sulphide 
crystals caused by the presence of impurites. The determination 
of the individual fictive grating constants and the said study 
of the changes in the grating constant of crystals naturally de¬ 
mand the elimination of all other possible errors due to the 
mentioned defects of the crystals which can cover up or falsify 
the results. 

If we compare the results of the measurements of the grating 
constant of zinc sulphide crystal given with different methods 

®) Swami Jnanananda, Co.soj>i.s 65 (1936), 155. 

10 ) V. DolojSek-Swami Jnanananda, C'asopis 65 (1936), 97. 

n ) Ad. NSrnejcova: The work in the press. 
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l>\ the former authors, we find that there are great divergences 
in the values. On looking at the results given in the Table 6. we 
note that this divergence varying from d = 1907 X. U. to 1928, 5 
X. U.. can be explained as a result of the difference between 
the reflecting plane and the cleavage face of the crystal. The differ¬ 
ences between the values of the grating constant have been 
attributed to the presence of different quantities of impurities 
in different crystals. The said presence of the different quantities 
of impurities in different crystals has been judged after the 
colours. There are, as shown in the Table 6, crystals either with 


Table 6. 


Grating con¬ 
stant d j x r 

Author 

Quality and kind of crystal 

1907 

Gerlacli (1922) 

Very transparent powdered 

crystal 

« 

191,3,5 

Goldschmidt (1927) 

Chemically pure 

1929,5 

1928 

1928 

1927 

Rinne (1924) 

Rotatory crystal method 
• 

Mo K\j, \ 2 , /?, y 

Black 

Dark biown 

Light brown 

Light yellow 

1922, 5 ± 1,5 

Lehmann (1924) 


1909, 5 ± 3 

Hart wig (1926) 

For controlling a certain 

method 


black, or brown, or yellow colour. In the case of the measurements 
of Rinne who has measured four different kinds of zinc sulphide 
crystals, it can be seen that there is only a difference of nearelv 
2 X. U. between the grating constants of the light yellow and 
the black zinc sulphide crystals when measured with Mo K-series 
with rotatory powdered crystal method. These results however 
differ very much from those of the other authors given in the 
said Table 6 and also from the value of the grating constant d x 
of the ZnS crystal which I have mentioned in the first chapter. 
The said value of the grating constant of zinc sulphide crystal is 

d x = 1908,96 X. U. 

The crystal which we used was slightly dark brown and this 
value of the grating constant is obtained as the corrected one 
after the elimination of the possible errors due to all other defects 
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of the crystals. I will show in this chapter that this value is correct. 
In this connection, from the first chapter, I wish to mention that 
with the said crystal we have obtained in one ease in which the 
crystal had a great displacement (.1 = 0.401 mm) 1914,8 X. 1. 
when calculated with the glancing angle r^ofCu K\ t and 1923. 5 
X. U. when calculated with the glancing angle ( fl of Mo K\j 
as the grating constant of the crystal. In the other case* when 
the displacement is reduced, both*these values have approached 
the value of the grating constant 190S.90 X. U. which has been 
derived from the corrected differential glancing angle * and 
which has practically remained the same in either case. 

1 have measured once more the grating constant of the said 
crystal which was used in the measurements mentioned in the 
first chapter, only using another position of the same surface. 
The crystal is not uniformly coloured and hence I wanted to find 
whether the value of the grating constant will be the same at the 
two different mentioned places with two different hues of colour. 
The measurements and their results are given in the Tables 7 
(a, b and c) and 8. The displacement of the crystal in this 
case has been 0.028 mm. The corrected value of the grating con¬ 
stant d l = 1908.87 X. U.. which can be noted from the last men¬ 
tioned Table 8, differs from the former values mentioned in 
the first chapter by 0.09 X. U. From this slight difference only in 
the second decimal place of a X. U.. we cannot however draw 
any conclusions regarding the influence of the impurities in the 

same crystal at different positions. 

For further investigations into the said influence of the im¬ 
purities on the value of the grating constant of the crystals, 
I have taken another crystal and measured its grating constant. 
In this connection. I wish to mention that 1 have adjusted this 
crystal to the face of the stand of the crystal table as it can be 
seen from the sketch (Fig. 3). The fore front plane surface of the 
metallic crystal-stand has been adjusted to tin* axis of the spectro¬ 
graph. The crystal has been slightly pressed and fixed to the sur¬ 
face of the crystal-stand. This way of adjustment is found to be 
more advantageous than the direct adjustment of the crystal 
the surface of which is not perfect as it is usual in the case of zinc 
sulphide crystals whose natural clevage faces are not quite regular. 
In such cases, with the kind of adjustment mentioned above, the 
displacement of the crystal amounts to only some hundredths 
of a mm. The error due to such a displacement can be easily elimi¬ 
nated with our method mentioned in the first chapter. The 
measurements obtained with these crystals are given in the 'rab¬ 
ies 9 (a, b and c) and 11 (a, b and c). The measurements in the 
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Third series with a displacement of 0,028 mm. 

Crystal No. I. 

Table 7a. Cu, <p 1 



Table 7b. Mo, <p x 


Plate 

No 

! 

. 1 mm A ' <x (f t 

Amfnr mean 

& ?!'■ <p 18° C value of 

At L, * 18 » c 

330 

331 

332 

333 

j ! 

0.243 3' 19,5" 42° 49' 15" j 10 c 41' 28,9" 

0,252 3' 26,8" 42° 49' 13" ! 10° 41' 26,5" 

0,279 3' 49,0"| 42 c 49' 23" 10° 41' 23,5" 

0,265 3' 37,5"i 42° 49' 11,5" 10° 41' 21,2" 

1 1 • 

0,9" 10° 41' 29,8" ,2 

1,5" 10° 41' 28,0" ** 

0,8" 10° 41'24,3" 

1,2" i 10° 41' 22,4" J o 

i o 


Table 7c. 


Displacement of the crystal A .... = 0,028 mm 

«r.Cu K-v,.‘.= 23° 45' 8,3" 

7"jMo K* x .= 10° 41'26,1" 

9' 1 Cu — y*jMo — y x .= 13° 3' 42,2" 


Table 8. 

Representation of the third series of measurements and their results 

(J ~ 0,028 mm). 

; .. id, = 22,0" - 


I 

9? 1 Cu mens. 

23° 45' 8.3" 


mean x. l 
13° 3' 42,2 


// 


<p x Mo meas. 
10° 41' 26,1 


rf i = 

1008,62 XU 

rfi = 

1008,93 XU 

rfi = 

1907,85 XU 

— = 22 , 0 " - 


^jCu ~ to 1908,93 XU 
23° 44' 46.3" 


corr. y. x 

13° 3'43,8 




g?,Mo —• to 1908,93 XU 
10° 41' 4,1" 


A mean A ^5 
mm mm 

Cu 0,0291 0 02ft 121,3"! 
Mo 0,027/ U,UZ * 122,8"/ 


edy = 

H<3Cu— £dMo) 
+ 1,6" 


corr. d x = 
1908,87 XU 
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Tables 11 (a, b and c) are made with a smaller displacement 
than in the case of the measurements given in the Tables 9 
(a. b and c). From the measurements in the Tables 9 (a, b and c). 
I have calculated the displacement which is — 0,047 mm, and 
I have readjusted the crystal to remove the displacement. With 
this new adjustment I have made the measurements mentioned 




in the Tables 11 (a. b and c). In the Table 12 we can see that 
the displacement has diminished to an amount of 0,0145 mm. 
As it can be seen from the results mentioned in the Tables 10 
and 12 the value of the grating constant, after the displacement 
errors are eliminated, are 1908,72 and 1908,06 X. U. respectively. 
In the fifth series of measurements given in the Tables 11 
(a, b and c) there is only a very minute amount of displacement. 
Such an adjustment with only the said minute displacement is 
possible to obtain only with perfect crystals adjusted with the 
usual optical methods. Here it can be noted that there are no 
considerable differences between the value of the grating constant 
obtained directly from the glancing angles (p of Cu and Mo K« l? 
and the value obtained through our method. If we survey all the va- 
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Fourth series with a displacement of 0,047 mm. 

Crystal No. II. 

Table 9a. Cu. (f x 


** • 

j: x: 

A 

t f , .J^for 

,J mill . 1 A 

mean 

w 18" C value of 

rp 18 u C 

303 

304 

305 

306 

312 

313 

0.235 
0.1 53 
0.156 ! 
0.172 i 
0,158 ; 
0,192 

3' 12.9" 

2' 5.6" 

2' 8,0" 
9' 91 9" 

— M 1 « — 

2' 9,7" 
2' 37.6" 

94 58' 51" 23 45' 31.2" 

95 3' 52" 23 : 45' 26.6" 

9 fr 3' 51" 23= 45' 25.8" 

94 = 59' 40.5" 23° 45' 30.4" 
95= 3' 30" 23~ 45' 20.3" 

94° 59' 20" 23° 45' 29.6" 

1.1" 

1 1,3" 
1.0" ; 
1,9" 
3.3" 
2,9" 

23 ; 45' 32.3" 
23= 45' 27,9" 
23° 45' 26,8" 
23= 45' 32.3" 
23° 45' 23.6" 
23 c 45' 32.5" 

5 : 

w- 

-+ 

•M 


Table 9b. Mo. <p x 


C.' 

1 

.1 mm. 1' 

\ 

<ft 

: for 

jr c: 

1 

O 

U 

00 

moan 
value of 
q IS 0 € 

310 

0.215 2' 56,5" 

42= 49' 58.5" 

10 41' 45,5" 

0.8" 

10 c 41' 46.3" 

\ 

* 

311 

0.212 2'54.0"! 

42' 4 9' 56.5" 

10 41' 45.6" 

0,8" i 

10 : 41' 46.4" 



314 

0.200 2' 44.2"! 

42= 44' 7.5" 

10= 41' 42.9" 

1,2" 

10= 41' 44,1" 


"t 

V 

3 15 

0,177 2' 25.3" 

42 44' 5.5" 

! 10 41' 37.7" 

1,3" 

10= 41' 39.0" 



316 

0.215 2' 56.5" 

42= 49' 40.5" 

10 41' 41.0" ■ 

1,2" 

10 c 41' 42.2" 


z 

317 

0.190 2' 36.0" 

42- 49' 39.5" ! 

10' 41' 45.9 " j 

0.6" 

10= 41' 46,5" 

_ 



Table 



Displacement of the crystal J .... = 0,047 mm 

9’jCu K\ 1 .'.= 23* 45' 29.2 

(f x Mo K \ l .— 10 41 44,1 

7 jCu — fjMo = x i .= 13" 3' 45,1 


'/ 

// 

// 


Table 10. 


Representation of the fourth series of measurements and their 

results (A = 0,047 mm). 


ijtjCu incus. 

23° 45' 29,2" 


},d x = 37.7" 

*i = ^ 

190S,08 XU 


mean x x 


13° 3'45,1" 


d x = 

1908,82 XU 


7 ?!Mo meas. 
10° 41' 44,1' 



1906,90 XU 


d x = 37 


e* // 

t.i 


J 

mm 
Cu 0,050 
Mo 0,047 


mean c\ 
nun 

} 0,048 { 


-><5 

36,4* 
39, r 


} 


<r.Cu ~ to 1908,82 XU 
23° 44' 51,5" 

corr. y. x 
13° 3' 47,8" 

<r.Mo to 1908,82 XU 
10 c 41' 6,3" 


et)y = 

(l SC u — $<5Mo) 
+ 2,7" 


corr. d x = 

1908,72 XU 
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hies of the grating constants of the zinc sulphide crystals directly de¬ 
rived from the measured glancing angle 9 . we will not be in a po¬ 
sition to sav that there exists any difference between the* values 

* • 

of the grating constants of the used first and second crystals. 

If we however compare our corrected values of dj obtained from 

the measurements of either one of the crystals, we see that all 

% 

the corrected values obtained with the second crystal which has 
been lighter in colour than the first crystal, are smaller than 
those corrected values of the first one. As the mean values of 
the grating constants of the first and the second crystals we obtain 
the following: 

I. crystal (ZnS) r/j = 1008.03 X. l,\ 

II. .. rfj = 1908.(50 x. r. 

It has been our view only to see whether there exists the said 
influence of impurities on the grating constants of the crystals 
which was said to beamouting to the value of some X. U. The 
results of our investigation with this method testify that the di¬ 
vergences in the values of the grating constants of zinc sulphide 
crystals given by the former authors (Table 0 ) are due to the fact 
that Bragg's reflecting surface does not coincide with the cleavage 
faces of the crystal which are not regularly plane faced. It is quite 
evident that even with such imperfect crystals, we can with our 
method determine the precise value of the constant of crystal 
grating. 

We are however not in a position to say that the difference 
between the values of the grating constant of the two crystals 
amounting to 0 . 2 —0.3 X. U. is due to the influence of the im¬ 
purities. It will be shown in the later part of this chapter that the 
value of the constant obtained for the first crystal, corresponds 
to the fictive value d.> of the second crystal, when looked from 

• V 

the view of the index of refraction. 

Here I should however remark that the crystals which 1 
have at my disposal and which have given sharp spectral lines 
are not of uniform colour. The differences in the amounts of 
impurities at different places of the same crystal might have 
caused differences in the values of the grating constant of one 
and the same crystal as the reflection has taken place at different 
places of the reflecting surface. The differences in the results of 
the individual groups of measurements, as it can be seen from 
their respective tables, are within the said limits of 0.2—0,3 X. U. 

The measurements and their results given in the Tables 13 
(a, b and c) and 14 and also those given in the Tables 15 (a, b 
and c) and 16 have been taken with one and the same kind 
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Table 11a. 


Fifth series with a displacement of 0,0145 mm. 

Crystal No. II. 

Cu, <fi 


mean 
value of 
pl8° C 



Table lib. 


Mo, 9 ? x 



.1 mm 

J' 


< X 

<Tt 


Jtpfor 

Jt°C 

0.236 

3' 13,7" 

42° 

42' 12,0" 

10° 41' 

21,4" 

0,9" 

0.204 

2' 47,4" 

42° 

42' 3" 

10° 41' 

12 , 6 " 

1,5" 

0,231 

3' 9,6" 

42° 

42' 2,5" 

10° 41' 

18,0" 

1 , 2 " 

0,216 

2' 57,3" 

42° 

42' 9,5" 

10° 4 U 

16,7" 1 

1,4" 

0,271 

3' 42.4" 

42° 

48'53" 

10° 41' 

17.9"' 

1 , 2 " 

0,240 

3' 21,9" 

42° 

48' 53" 

10° 41' 

22,7" 

1,4" 

0.238 

3' 15,4" 

42° 

48' 56" 

10° 41' 

25,1" 

1 , 1 " 

0.241 

3' 17,8" 

42° 

48'44" 

10= 41' 

21,5" 

1 . 6 " 


<p 18° C 


mean 
value of 
9>18° C 


352 

353 

354 

355 
35(3 

357 

358 

359 


Table 11c. 


10 ° 

10 ° 

10 ° 

10 ° 

10 ° 

10 ° 

10 ° 

10 ° 


41' 22,3" i 
41' 13,1"' 
41' 19,2" ! 
41' 18,1" ! 
41' 19,1" : 
41' 24,1" i 
41' 26,2" ; 
41' 23.1" i 



Displacement of the crystal J .... — 0,0145 mm 

l Mo K\j .= 10° 41'20,6" 

Jjcu —r>Mo = * x .= 13° 3' 49 , 2 " 

Table 12. 

Representation of the fifth series of measurements and their results 

(zJ ~ 0,0145 mm). 

.- 4-di = H.O" • —., 


i 

(f x Cn meas. 

23° 45' 9,9' 

mean v. x 
13° 3'49,2' 

(PjMo meas. 
10° 41' 20,6' 


= 

1908,63 XU 
d x = 

1908,67 XU 
d x = 

1908,12 XU 


YiCii ~ to 1908,67 XU 
23° 44' 58,9" 

corr. x l 

13° 3' 49,7" 

<p .Mo — to 1908,67 XU 
10° 41' 11,9" 


corr. d x = 

190S,65 XU 


I- id l = 8,7" - 1 

J mean A 1 6 edx = 

mm mm — (|<$Cu — J5 Mo) 

Cu 0,0151 00145 f 10.9") , og- 

Mo 0,014/ °’ 0145 \11,7"J + 
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of crystal adjustment. In these cases the vertical adjustment of 
the crystal is made more precise than those of the preceding 
series of measurements with the said second crystal. In this in¬ 
vestigation a precise vertical crystal adjustment is important. 
I have measured the glancing angles with the precise method of 
Siegbahn. From the measured glancing angles y of Cu K\ 1 and y 
of Mo I have deduced the differential glancing angles *. 
I have shown in the first chapter that there is practically 
no difference between the direct y measured glancing angle (p 
and the differential glancing angle x derived from the measured 
glancing angles. Therefore in the work given in this chapter 1 
have measured only the glancing angles 9 ? from which I have de¬ 
duced the angle *. In this case through the combination of the 
( p- and ^-methods the error due to the displacement in the hori¬ 
zontal position has been eliminated just in the way shown in 
the first chapter. But the error due to the vertical adjustment 
in this case is not diminished as in the case of the direct meas¬ 


urement of the differential glancing angle x. A simple consider¬ 
ation makes it clear, that the errors due to the displacements 
in the vertical and horizontal positions are diminished only 
when the angle * is directly measured. This fact has been shown 
and experimentally verified in the works of Kunzl and Kop- 
pel 12 ) and those of Bouchal and Dolejsck. 13 ) It is natural that 
when the angle ^ is not measured but is only derived from the 
measured glancing angles (p, only the error due to horizontal 
displacement is diminished, but the error due to vertical 
displacement that enters into the value of the differential glanc¬ 
ing angle ^ remains the same as that which enters into the 
value of the glancing angle. So in this direction, in so far as 
there is a displacement in the vertical adjustment of the crystal, 
the directly measured angles x are not equivalent to the angles * 
derived from the measured glancing angles. In other words when 
we directly measure the angles x. the errors due to vertical and 


horizontal displacements are both diminished in the values of the 
grating constants. If we derive the angle * from the directly meas¬ 
ured glancing angle and calculate the grating constant with the 
said angle x, the error due to horizontal displacement is dimi¬ 
nished but the error due to the vertical displacement remains the 
same. In this work I have directly measured the glancing angles <p 
and derived from them the angle Therefore it is essential to 


l2 ) V. Kunzl-J. Kdppel, 0. R. 106 (1033). 787; 106 (1033), 040; f'asopis 
63 (1034), 100; Jourii. do Phys. 5 (1034). 14.1. 

,3 ) F. Uouchul-V. Dolojsck, Onsopis 65 (103.1), 33; C. R. 100 (1034), 

1054. 
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Table 13a. 


Sixth series with a displacement of 0,023 mm 

Crystal No. II. 

Cu (f 1 



403 

404 
407 

405 

409 

410 
41 1 
412 


I mm _C a 


0.281 3' 50.0". 95° 2' 40" 
0.280 3" 49.8" 95' 2' 38" 
0.172 2' 21.2"i 94 : 50' 41.5 
0.157 2' 8.9"! 94" 50' 39" 
0.208 2' 50.7": 94” 56' 29" 
0.212 2' 54.0" 94° 56' 3" 
0.290 3' 58.0"! 95* 2' 47" 

0,303 4' 8.7"l 95 s 2'49" 


Table 13 b. 


s 

1 - ^ 

1 

J mm 

V 






0.181 2' 28.6" 42 : 45' 47" 
0.175 2' 23.6" 42° 45' 57" 
377 0,175 2' 23.6" 42= 45' 57" 
419 0,164 2' 14,6" 42° 41' 23,5 


..\(p for 
J t° C 


<T 18" C 


23 44' 42.3" 
23 : 44' 42.0" 
23 c 44' 45.7" 
23 44' 42,0" 
23 44' 49.9" 
23 44' 44,3" 
23° 44' 42.2" ! 
23° 44' 40.1" i 


Mo, (f x 


2.1" i 

2.5" | 
3.0" ! 
3.2" 
2,3" 
2.4"; 
2,6" i 

3,1" i 


23 

23 : 

23 : 

23' 

23” 

23° 

23° 

23° 


44' 

44' 

44' 

44' 

44' 

44' 

44' 

44' 


44.4 

44.5 

48.7 

45.2 

52.2 

46.7 

44.8 

43.2 


..l^for 
JC C 


<p 1S°C 


10° 40' 49.6" I 1.1 
10" 40' 53.3" I 1.2 
10® 40' 53.4" I 1.1 
10° 40'54,5"! 1,2 


1.1" 10° 40' 50,7 
1.2" 10° 40' 54,5 
1.1" 10° 40' 54.5 
1,2" 10° 40' 55.7 


moan 
value of 
<p 18° C 


mean 
value of 
<p 18° C 


— /' i 



Table 13c. 

Displacement of the crystal J .... — 0.0l3 mm 

rr.Cu Kx,. = 23” 44' 46,2" 

rr Mo K m .= 10" 40' 53,9" 

y-jCu — t^Mo = x x .— 13° 3 52,3 

Table 14. 

Representation of the sixth series of measurements and their 

results (z) ~ 0,023 mm). 

\ d = 17,9"., 


<p l Cu metis. 
23" 44' 46,2" 

menu y. x 

13° 3'52,3' 

^Mo mens. 
10° 40' 53,9' 


_ i 


A 

mm 


mean A 
nun 


a x = 

1908,93 XU 

<h = 

1908,55 XU 

<*i = 

1909,43 XU 
Id = 17,9" - 

J ?, <5 


fjT'iC'u to 1908.o5 XU 
23 c 45' 4,1" 

corr. x x 

I 13° 3'50,7" 

ffi,Mo to 1908,55 XU 
10° 41' 11,8" 


corr. d x = 

1908,61 XU 


Cu 0,0241 0 09 *? 1 

Mo 0.022/ °* 023 \19,3"J 


edy = 
+ (},dCu — 

— 1 , 6 ' 


4<5Mo) 
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regard the precision of the vertical adjustment of the crystal. In 
the mentioned series of measurements given in the Tables 9 and 11. 
the vertical adjustment has been made and corrected by measuring 
the distances between the spectral lines at different vertical posi¬ 
tions and bv calculating from them the amount of the vertical 
displacement of the crystal. In the two series of measurements 
given in the Tables 13 (a. b and c) and 15 (a. b and c) a more pre¬ 
cise vertical adjustment of the crystal has been obtained. I have 
been able to get the said precision in the vertical adjustment with 
a reflecting mirror, vertically fixed on the crystal table, and with 

O V * 

the help of a telescope and scale by precisely readjusting the crystal 

to the calculated inclined angle of the crystal in its vertical position. 

In this way the crystal has been vertically adjusted quickly and 

satisfactorily. The precision of the measurements and their results 

given in the Tables 13 and 15 can therefore be considered to be 

better than those of the former series of measurements and their 

results. As the corrected value of the grating constant derived 

from the measurements given in the Table 13 (a. b and c), we 

obtain d x = 1908.01 X. U. and the mean value of the grating 

constant d x of all the series of measurements with the second 

crystal is 1908,09 X. V. From the minute differences between the 

three obtained values of the grating constant d v we cannot however 

draw any further conclusions than the afore said one. 

% 

From the series of measurements shown in the Tables 13 
and 14, I will show a further possibility of the application of the 
method shown in the first chapter for deriving the individual 
fictive grating constants. In this case the vertical position of the 
reflecting surface of the crystal has been very precisely parallel 
to the axis of the spectrograph. The horizontal displacement 
from the axis of the spectrograph has been 0.024 mm. Before 
I begin to discuss the individua fictive constants. I will show 
once more how far the horizontal displacement of the crystal 
plays a role in the grating constant derived from the glancing 
angle (p. As it can be seen from the Table 14, the grating constant 
derived from the glancing angle (p of (hi K\ x is 1908,93 X. U., 
while that derived from (p of Mo Koq is 1909.43 X. U. Both these 
values differ from the value of the grating constant derived from 
the differential glancing angle y. As it can be seen from the 
Table 12, where the horizontal displacement has been appro¬ 
ximately half the displacement value in the case of the measure¬ 
ments shown in the Tables 13 and 14, the values of the grating 
constant derived from the glancing angles have approached the 
value of the grating constant derived from the angle In all 
these cases only a minute change appears in the values derived 
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Seventh series with a displacement of 0,007 mm. 

Crystal No. II. 

Table 15a. Cn, (p.> 


£ £ 

. ] mm 

J' 


<rt 

J^pfor 
At° C 

<p 18 

;° C 

mean 1 
value of H 
<p 18° C 1 

385 

0,525 

7' 

10.9" 

214° 

39' 

14,5" 

53° 

38' 

0,9" 

8.1" 

53° 

38' 

9,0" 

1 

387 

0.400 

0' 

17.0" 

214° 

39' 

15,5" 

53° 

38' 

14,5" 

! 8,1" 

53° 

38' 

22,6" 

1 

388 

0.504 

O' 

»>3. i 

214° 

39' 

19" 

53° 

38' 

0,4" 

! 6,1" 

53° 

38' 

12,5" 

1 

389 

0,502 

O' 

52,0" 

214° 

39' 

17" 

53 3 

38' 

6,2" 

: 8.1" 

53° 

38' 

14,3" 

Cvj 1 

390 

0.548 

V 

29,8" 

,214° 

39' 

17" 

5 3 3 

37' 

56,8" 

9,2" 

53° 

38' 

6,0" , 

o I 

395 

0.331 

4' 

31,7" 

214° 

37' 

13" 

53° 

38' 

10,3" 

8,5" 

53 c 

38' 

18,8" 

oc 1 

396 

0.344 

4' 

42,4" 

214° 

37' 

13,5" 

53° 

38' 

7,8" 

r* // 

o, / 

53° 

38' 

13,5" 

CO 1 

399 

0,503 

V 

42,1" 

214° 

26' 

9" 

53° 

38' 

27,8" 

5,1" 

53° 

38' 

32,9" 

o R 

CO 1 

400 

0,558 

7' 

38,0" 

214 s 

26' 

7" 

53° 

38' 

26,2" 

9,0" 

53° 

38' 

35,2" 

o | 

414 

0,399 

5' 

27,5" 

214° 

28' 

2" 

53° 

38' 

22.4" 

8,0" 

53° 

38' 

30.4" 


418 

0,335 

4' 

35,0" 

214° 

28' 

1" 

53° 

38' 

9,0" 

7,4" 

53° 

38' 

16,4" 

_ I 

Table 15b. 






Mo, 

Vi 








. 1 mm 

J' 


<r t 

Jyfor 

At' C 


IS 

°C 

mean 
-alue of 

•plS 0 c 

380 

0.209 

2' 

51,5" 

87° 

5' 

40" 

21° 

45' 

43,6" 

2,1" 

21° 

45' 

45.7" ' 

* 

C* 

* ^ 

381 

0,153 

O' 

— 

5.0" 

87° 

1' 

3" 

21° 

45' 

47,2" i 

2,1" 

21° 

45' 

49,3" 


38 2 

0,155 

2' 

7.2" 

87° 

1' 

2" 

21° 

45' 

47.3" 

2.3" 

21 c 

45' 

49,0" 


379 

0,192 

2' 

37,0" 

87° 

5' 

40" 

21° 

45' 

45,1" 

2,0" 

21° 

45' 

47,1" 

j 


_ 


u 











I 

^ 1 


Table 15c. 

Displacement of the crystal _1 . . . . 

<^ 2 Cu K \,. 

<p 2 Mo K>2 . 

9’ 2 Cu — r/’jMo — y. 2 . 


— 0,007 mm 
53° 38' 10,2" 
21° 45' 47.9" 
31° 53' 31,3" 


from the corrected values of the angle x. In the case of the deter¬ 
mination of the individual fictive constants with the measure¬ 
ments of the glancing angles <p. a slight displacement of the crystal 
can cause such errors in the values of the glancing angles that the 
values of the individual fictive constants become erroneous. These 
errors are greater in the case of the usage of shorter wave-lengths, 
than in the case of using longer wave-lengths. The fictive constant d x 
derived from q? of Mo is even larger than the fictive constant 
of the second order d 2 . which can therefore by no means be correct. 

In agreement with the fact, that for the greater glancing 
angles of longer wave-lengths the errors due to the displacement 
of the crystal in the grating constant appear smaller than those 
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that enter into the value of the grating constant derived from the 
glancing angles of shorter wave-lengths, the errors due to the 
displacement have smaller influence on the grating constant in the 
second order d 2 as can be noted from the Table Hi. From the 
results (Table 16) it can be noted that the values of the grating 
constant derived from the glancing angles cf . from the differential 
glancing angles * and that derived from the corrected angle * 
agree with one other in the limits of the possible errors of observa¬ 
tion. These measurements have been made with the same crvstal- 

% 

adjustment as in the case of the measurements given in the 
Tables 13 and 14. Now from what I have said it is evident that 
in the case of my measurement of the fictive grating constant 
in the second order, there is no practical value to correct the 
value of the angle x, if no greater precision is available than what 
I have obtained with my apparatus. The measurements of the 
first and the second orders (Tables 13 and 15) have been made 
with the same position of the crystal, and the amount of displace¬ 
ment in either case therefore ought to be the same. But from 
our results the amount of displacement in the second order has 
practicaly disappeared. This said disappearence of the displace¬ 
ment could be due to errors which are within the limits of obser¬ 
vation. I will once more point out that in the second order, in 
this case, the value obtained from Brouchal-Dolejsek's equation 14 ) 
does not require the correction of the angle x as it has been done 
in the first order. 


Table 16. 

Representation of the seventh series of measurements and their 

resuts (A ~— 0,007mm). 

,- l<5 = 5,8" -, 


9 ? 2 Cu me as. 
53° 38' 19,2" 

mean x 2 

31° 53'31,3' 

<pjMo meas. 
21° 45' 47,9' 


d 2 — 

1909,11 XU 
d 2 = 

1909,15 XU 
d 2 = 

1909,07 XU 
- = 3,5" - 


> 2 Cu — to 1909,15 XU 


53° 38' 13,4 

corr. x 2 
31° 52' 32,4 


// 


// 


<p 2 Mo — to 1909,15 XU 
21° 45' 44,4" 


A 

mm 


mean A J<5 
mm 


Cu 0,00721 Q 0Q /4,5"! 
Mo 0,0076/ U ’ UU74 


edx = 

(£<5Cu — £dMo) 
+ U' 


corr. d 2 = 

1909,12 XU 


1054. 


14 ) F. Bouchal-V. DolejSek, Casopis 65 (1935), 33; C. R. 199 (1934), 
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From the two above mentioned facts, it can be judged that 
the application of the method mentioned in the first chapter 
will be valuable for the precise determination of the fictive grating 
constants d m n derived from the equation of Kunzl and Koppel 15 ) 
with the differential glancing angle x,„ y „ of the same wave¬ 
length in two different orders, tn and n. If we calculate these 
values of d lt2 with the angles x lt2 derived from our measurements 
given in the Tables 14 and 16. using the said Kunzl-Koppel's 
equation. 



where m and n are the orders (n > m) and x m>n — <p n — <p m , we 
obtain from Ou Ka l the value d li2 = 1909.19 X. U. and with 
the corrected angle x 12 of Cu Koq the corrected value d lt2 = 
= 1909.42 X. U. Again we obtain from x Xt2 of Mo Kaq the value 
of d 1>2 equal to 1908,75 X. U., and with the corrected x lt2 of the 
same line, the value of d, * is 1909.84 X. U. If we consider the 
value of d niyTl obtained from the angle x 1>2 of Mo Kv x . it can be 
seen, that though the displacement error, which enters into d 
derived from the angle x ly2 is diminished, in comparison to the d 
obtained from the glancing angle cp , is not entirely eliminated. 
The difference between the value of d l 2 obtained from the value 
of x li2 of Mo Kvq and the value from the same angle x ly2 corrected 
with our mentioned method, is considerable. Hence in the case 
of measuring the grating constant d m% „ from the angle x lt2 , the 
application of the method of correction will be of great value. 

Here I should like to point out that the aforesaid fact will 
be important in the work which will be described in the fourth 
chapter in w hich I propose to make the use of the angle * instead of 
the angle cp for the measurement of the w'ave-Iengths of X-radiations. 
For this proposed method of measuring the w'ave-Iength it is neces¬ 
sary to measure the angle x lt2 of the wave-length, which is to be 
measured, in tw’O different orders and to have the knowdedge of the 
values of the individual fictive constants of the grating crystal which 
is used as a diffraction grating. The results regarding the individual 
fictive grating constants w r ill be discused in the next chapter where 
the directly measured true value of the grating constant wall be 
given. From the results obtained in this work, it can be seen, 
that the fictive grating constant d 2 has greater value than d x as 
it is to be expected. The difference d 2 — d x = 0.51 X. U. obtained 
with the corrected value of differential glancing angle x is small- 

I*) V. Kunzl-J. Koppel, C. R. 196 (1933), 787; 196 (1933), 940; Casopis 
63 (1934), 109; Joum. de Phys. 6 (1934), 145. 


k 
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er than the difference d 2 — d 1 = 0,60 X. U. derived from the 
uncorrected value' of the angle The differences are taken only 
from the last two series of measurements in which the vertical 
adjustment hat been improved. From the preceding series of measu¬ 
rements the value of d x is somewhat higher than the mentioned 
last one. If we compare the above mentioned difference d 2 — d l 
with that which is expected from the point of view of the theore¬ 
tical value of the index of refraction, which, when calculated from 
the value of the density of zinc sulphide given in the tables of 
Landolt-Bernstein, is 



we see, that this value of (3/A 2 agrees better with the difference 
d 2 — d v if we take for d Y the value of the first measured crystal, 
than that measured from the second. That is why we have not 
concluded that the difference between the values of the grating 
constant of the first and the second crystals can be said to be 
true. The decision of this problem will be given after testing the 
results by the direct measurement of the true grating constant 
as mentioned already. 

Here I should particularly like to point out, that the applied 
correction to the differential glancing angle * as is done in this 
work is of special importance for smaller glancing angles (shorter 
wave-lengths). In the usual cases for longer wave-lengths or for 
higher orders, when the glancing angles are large enough, the use 
of the angle x without correction is practically sufficient for the 
precise determination. In the cases of the usage of that angle 
where large and small glancing angles y have been simultaneously 
utilised as in the case of the angle x nitTl of the same wave-length, 
the application of the method of correction of the said angle x m>n 
is important. As it can be noted from our results, the importance 
of these corrections is increasing with the increasing wave-lengths. 
Therefore in the measurement of the wave-lengths in the proposed 
method, wherein the angle x lt2 is utilised, the mentioned correction 
will be of decisive advantage for the precise measurements of the 
wave-lengths. 


35 



NEW AND PRECISE METHODS IN THE SPECTROSCOPY 


36 



Chapter The Third. 


Another application of the method of determining the constants 
of crystal grating wherein <p- and » methods are combined for 
the precise horizontal adjustment of the Bragg’s plane of reflec¬ 
tion of the grating crystal in the axis of the spectrograph. 

In the preceding chapter 16 ) I have stated my results which give 
the values of the individual fictive grating constants of the zinc sul¬ 
phide (ZnS) crystals. The results verify and show the special advanta¬ 
ges of the method wherein the (p - and the /'-methods are combined for 
the precise determination of the grating constant of crystals. It has 
been shown that, by the application of this method it is possible to 
determine precisely the constant of crystal grating even with imper¬ 
fect crystals, in as much as the said method eliminates the errors due 
to the defects of the crystal such as displacement. I have undertaken 
to determine precisely the individual fictive grating constants of the 
zinc sulphide crystal, because I use this crystal as a diffraction grat¬ 
ing for the work in which I will show that the differential glancing 
angle * m n can be used not only for the determination of the grating 
constant of crystals, hut also for the precise determination of the 
wave-lengths of X-radiation. Before I proceed to show the possibi¬ 
lity of the said precise method of the absolute measurement of the 
wave-lengths, I will discuss the results of the previous chapter with 
this in view, in the light of the results of my new measurements of 
the individual fictive grating constants of zinc sulphide crystals. In 
these new series of measurements. I have, calculating the amount 
of displacement with the aid of our method, readjusted the grating 
crystal in such a position that its Braggs reflecting plane has 
coincided with the axis of the spectrograph as precisely as possible. 

lfl ) Ref. to »Swarni Jnananamla, Casopis 05 (1930). 155. 
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Eight series with a displacement of 0,0015 mm. 

Crystal No. II. 
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Table 


17c. 


Displacement of the crystal J .... = 0,0015 mm 

qrfin Kaj.= 23* 44'50,2" 

K\j.= 10° 41' 6,4" 

r x 0u— y x Mo = x x .= 13° 3' 43,8" 


Such a precision in the adjustment of an imperfect crystal cannot 
be obtained with the usual optical methods. In the group of measure¬ 
ments of the preceding chapter I have used different positions of the 
crystal, which have been away from the axis of the spectrograph 
from 0.015 mm to 0,05 mm. The corrections of the grating constant 
in these cases have been from 0,02 to 0,1 X. U. But the differences 
in the values derived from the glancing angle rp varied from 0,2 to 
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Table 18. 


Representation of the eight series of measurements and their results 

(A = 0,0015 mm). 

- 1 ( 5 , ^ 1 , 2 "-• 


(p x Cu mens. 
23° 44' 50,2" 

mean v. x 
13° 3' 43,8" 

y’jMo mens. 
10' 41' 0,4" 


d, = 

1908.81 XU 

<h = 

1908,87 XU 
d x = 

1905.82 XU 

- 1 , 1 "’ 

mean J \ <5 


r^Cn ~ to 1908.87 XI 
23 44' 49,0" 


1 


eon*. 

13° :r 43.9 


'/ 


coit. <7, ■• = 

1908,87 XU 


fjMo 


•—'to 1908,87 X1 
10" 41' 5,3" 


mm 


mm 


Cu 0,00155-i 0 0015 ( 1 ■ 1 " 1 
Mo 0,00145/ U,UU1 ° \ 1,2"/ 


— 

( >5Cu - - U5Mo) 

- 0 , 1 " 


1 or more X. U. In this work 17 ) I have adjusted the crystal with the 
mentioned process in such a way that the displacement of the reflect¬ 
ing plane from the axis is only 0,0015 mm. Such an adjustment can 
be obtained with the optical methods only in the case of perfect 
crystals. From the fact which can be seen in the preceding chapter 
that the displacement of 0.02 mm has an influence of approximately 
0,02 X. U. in the value of the grating constant derived from the 
differential glancing angle x, we note that the displacement of 
0,0015 mm can have only an influence on the third decimal place 
of a X. U. Such a precision is however under the limits of the preci¬ 
sion I could obtain with the spectrograph. \\ ith this adjustment of 
the crystal the application of the method wherein the <f- and the 
^-methods are combined has no practical value, and the differential 
glancing angle * in this case and in the limits of the precision gives 
the correct value of the grating constant. But from what 1 have 
mentioned it becomes obvious that if our spectrograph could have 
a scale having a precision of about 0,5" (which we could not obtain 
due to want of financial means) we could with the application of 
this method and with this adjustment of the crystal in a way gua¬ 
rantee the accuracy of our measurements to a thousandth part of a 
X. U. (0.001 X. U.).The series of measurements and the results made 
with the said precise adjustment of the crystal are as in the previous 
chapters given in the Tables No. 17 (a, b. e). 18. 19 (a, b. c) and 20. 
From the results given in the Table No. 18 it can be seen that the 
values for d v obtained from the directly measured glancing angles q> 
of copper and molybdenum do not differ in the obtained limits of 

1? ) Ref. to Swarni Jnuimminda, C’asopis 65 ( 1936)* 226. 
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observation from the value c? x de¬ 
rived from the differential glanc 
ing angle x. the difference bet¬ 
ween the values being 0.06 X. U. 
I have of course given the value 
of the grating constant to the 
third decimal of a X. U. to show 
that if the said precision is at our 
hand the derived value of d x from 
the uncorrected diffential glanc¬ 
ing angle * would be. in this case, 
with the kind of adjustment that 
1 have, precise enough to the li¬ 
mit of 0.001 X. U. 

It will now be shown how 
the defect only in a certain part 
of the reflecting plane of the cry¬ 
stal could enter into the value of 
the grating constant. Fig. 4 shows 
the spectrogram having two K* 
doublets, one of copper and the 
other of molybdenum. The spec¬ 
trogram is taken for the measure¬ 
ment of the differential glancing 
angle * between Cu Kx x and Mo 
Kx x with the help of Siegbakn’s 
precise method. The difference A between the K« x line of Cu and 
that of Mo is so chosen that the K \ t of molybdenum comes between 
the Aj and ,\ 2 of copper so that the two a x lines are near to each 
other. In this spectrogram the lines are not quite perfect and they 
show some irregulatiries in some places, which would influence the 
precision of the measurements of A. The said influence of these 
irregularities can be eliminated if we choose such places where the 
irregularities are uniform in both the lines for the measurements. 
In the said present series of measurements. I have tried as much as 
possible to obtain the reflection from the same position of the 
reflecting surface to avoid the errors which do not enter uniformly 
into either one of the expositions of each individual spectrogram. 

The dispersion obtained with the zinc sulphide crystal has been 
at the said measurements very great as it can be seen from the 
spectrogram (Fig. 5a). This figure is an enlargement of the two Kx 
doublets of Cu and Mo. The spectrogram of which this figure is an 
enlargement by 25 times is taken with zinc sulphide crystal, the 
distance slit-plate being 50 cm. If we compare the dispersion of our 


P'isJT. 4. ZnK-erystal (20 < enlarged). 
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spectrogram (Fig. .*m) with the dispersion obtained by Yalasek'*) at 
a great distanee (slit-plate) of :* metres (Fig. .*>Ii). \vt- see that for 
the copper lines the dispersion in our ease is only a little less than 
that of \ alasek and the dispersion of tnolvhdenuni lines w hich are 
sharper than the copper lines is approximately the same as that 



fig. aa. ZnS-cry.-t mI. 1 1 i>tancf -lit -1>i;it« 

• »0 <• 111 (2.“) cnlargi'tI). 


fig- •'ill. Flnrn I lie Work <.t' Valn-i'k 
With f_ r ii‘:it (11 -I >• • j — n iii. 111 — (■ 11 m ■ 

slit -jilatc 2 cm i. 


obtained by Valasek. I will at a later stage show front the spectro¬ 
gram that the zinc sulphide crystal as a diffraction grating is more 
advantageous for the shorter wave-lengths than for longer ones. 
Here 1 should like to point out that as a eon set j net ice of sue h a la rge 
dispersion with the zinc sulphide crystal we could obtain t he high¬ 
est possible precision in this direction. 

lN ) •! . Vuiu-sck, IMtys. Krv. ( t !*:{<»). 2!t|. 
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From the above discussion of the possible errors due to the 
irregularities in the lines and from a comparison of the values of the 
fietive grating constants d x given in the second chapter as well as the 
results which will be given at a later stage, it becomes evident that 
the precision of our measurements is limited by the systematic and 
accidental errors of the scale. If we note the comparison of the 
values of the fietive grating constant d l of the two said zinc sulphide 
crystals given in the second chapter and compare it with the results 
given in the Tables 17 and 18. we must sav that the influence of the 
impurities on the values of the grating constants of both the zinc 
sulphide crystals is even less than what I have mentioned already 
(0.2—0.3 X. U.). Now in these series of measurements I have obtain¬ 
ed for the second crystal d 1 = 1908.87 X. U., while the mean 
value of the grating constant d x of the first crystal is 1908.93 X. 
U. These values agree in the limits of the obtained precision. 

Before I proceed to give the value of the fietive grating con¬ 
stant d 2 I should mention that I am not in a position to study and 
discuss the influence of the anomalous dispersion on the values of 
the grating constant derived from ^-method due to the inadequacy 
of precision of the scale of our spectrograph. The anomalous disper¬ 
sion of the zinc sulphide crystal might have an influence on our 
results as zinc K-absorption edge from zinc sulphide crystal lies 
between the two wave-lengths Cu Km and Mo K x 2 which I have 
used for the measurement of the grating constant of the zinc sul¬ 
phide crystal. It can be concluded from the analogy of the other 
crvstals that the said influence of the anomalous dispersion can 
cause only a small change in the value of the differential glanc¬ 
ing angle which we cannot verify with our obtained precision. 

In connection with the anomalous dispersion, I will give here 
the spectrogram (Fig. 6) of the zinc K-absorption edge caused by 
the zinc sulphide crystal. The absorption edge just cuts through 
the L/?! line of tungsten so that the line is split into two and the 
absorption edge of zinc appears as a white absorption line. The 
value of the wave-length of zinc K-absorption edge calculated from 
the L-tungsten lines amounts to 1280.5 X. U. when the edge of the 
white line is taken as the mentioned absorption edge. This value 
agrees with the value of the K-absorption edge of zinc free element 
X = 1280.5 X. U. obtained by Dolejsek and Pestrecov, 19 ) Kievit 
and Lindsav, 20 ) though the absorption edge is obtained from zinc 
sulphide. If we measure from the middle of the white line, we obtain 
the value 1280.4 X. U. From the comparison of these values ot A 


ia ) V. Dolejsek-K. Pestrecov, C. R. 18S (1929), 164 
20 ) Kievit and Lindsay, Phys. Rev. 36 (1930), 648. 
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WL/3, a 6 


Sr 


we can sav that the difference between the values of the zinc and 

% 

zinc sulphide K-absorption edges is. within the limits of obser¬ 
vation, 0,1 X. U. 

The value of the fictivc 
grating constant obtained from 
the new series of measure¬ 
ments which I have given in 

the Tables 19 (a, b, c) and 20 
agrees with the value obtained 
from the series of measure¬ 
ments of the preceding part. 

This agreement in the two va¬ 
lues of (l 2 which is better than 
the agreement of the values of 
d l can be explained by the fact 
that the same errors of the scale 
in the case of greater glanc¬ 
ing angles in the second order 
influence in a lesser degree the 
value of d than in the case of 
the smaller glancing angles in 
the first order. The adjustment 

of the ervstal in this case has 

%> 

been the same as in the case 
of the measurements in the 
first order and with this kind 
of adjustment there is no 
practical value in the correc¬ 
tion of the differential angle 

The use of the wave-lengths longer than those of copper is 
however of no value, because the lines of the longer wave-lengths 
especially in the second order are diffused in the case of zinc sulphide 
crystals. Fig. 7 is an enlarged reproduction of the spectrogram of 
two Mo Kx doublets in the second order and Fig. 8 is that of two 
(hi Kx doublets in the second order, both taken with tin* method 
of Siegbahn for the measurement of the glancing angle </„. If we 
compare these two spectrograms (Fig. 7 and 8). we can see. that the 
zinc sulphide crystal is more advantageous for shorter wave-lengths 
than for longer ones. 

1 have mentioned in the preceding chapter that the value d /? 
calculated from the fictivc values of d l and d., is greater than the 
value derived theoretically from the physical data. From these now 
measurements we obtain from the values of d x and d., the value of 
djX 2 11,5 . 10~ 12 . It is greater than the value of d /. 2 derived from 


ZrvK-abs* 


Fig. 0. Zn K-a)>s. edge from ZnS- 
erystal, cutting the lino of 

tungsten (“>:■' enlarged). 
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Ninth series with a displacement of 0 mm. 

Table 19a. Cu, <p 2 



Table 19b. Mo, rp 2 



Table 19c*. 

Displacement of the crystal .1 • • • * 

y\,Cu K \j. 

<7 2 Mo Kaj. 

f/' 2 Cu — T: 2 Mo = x 2 . 


= 0 mm (not estimable) 
= 53° 3S' 19,0" 

= 21° 45' 46.0" 

= 31° 52' 33" 


Representation of the ninth seris of measurements and their 

results (A cannot be estimated). 


Table 20. 


</oCu me as. 
53 r 38' 19,0" 


mean ■><» 

31- 52' 33"" 


d 2 = 

1909,11 XU 
1909,11 XU 


<t 2 Mo me as. d 2 — 

21° 45'46,0" 1909,11 XU 


44 





















CHAPTER THE THIRL) 
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the density (5.2 — 5.7 . 10 —12 ) or that derived from the number of 
electrons in a cubic cen¬ 
timeter of the crystal 
(5,3 . 10 —12 ). The value 
of (3/A 3 obtained from 

mv measurements corres- 
% 

ponds to a difference 
d 2 — d L = 0.24 X.U. This 
difference is very small 
and any small change in 
the values of d x and d 2 
due to the errors of meas¬ 
urements causes propor¬ 
tionally very great change 
in the value of <5/A 2 . The 
errors of the scale ma¬ 
nifest themselves in ano¬ 
ther magnitude in the va¬ 
lue of <3/A 2 if we derive it 
from the fictive grating 
constants d mtTl with the 
help of the already men¬ 
tioned Kunzl - KoppeTs 
equation. For molybde¬ 
num we obtain from 
our measurements d i2 = 

= 1909,32 X. U. while 
for copper we have d x «,= 

= 1909,23 X. U. The dif¬ 
ference (rf x , 2 — d x ) between 
the fictive grating con¬ 
stants d 1?2 and d x is great¬ 
er than the difference 
(d 2 — d x ) between the fic¬ 
tive grating constants d 2 
and d l and depends upon 

the wave-lengths used. The value of (3/A 2 can be derived from d x 
and 6^,2 by means of the Kunzl-Koppel's equation 21 ): 


Fig. 7. ZnS-crystal (6x enlarged). 


(ll order). 

k « 2 


Fig. 8. ZnS-crystal (6x enlarged). 


(5 

A 2 


d l>2 — d x 5 — 4 cos x lt2 
3 d* '4 — 2 cos x 1>2 ’ 


21 ) V. Kunzl-J. Koppol, C. R. 196 (1933), 787; 196 (1933), 940; Casopis 
68 (1934), 109; Journ. de Phys. 5 (1934), 145. 
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from which we obtain for copper 5/A 2 = 11.7 . 10~ 12 and for 
molybdenum 5/A 2 — 14.6 . 10“ 12 . 


The discussion of the precision of the above mentioned values 
of 5/A 2 can be made after having derived the real grating constant 
with the help of the obtained values of 5/A 2 . From d 1 and with 
d ?: 1 — 11,7 . 10— :12 we have d x — 1900.20 X. U.; putting 5/A 2 = 
=—14.6 . 10 _12 we obtain d- x ~ 1909.28 X. U. The difference between 
these two values of is 0.08 X. U. This difference can be ascrib- 

errors but also to the systematic 
errors of the scale. From these various considerations we come to 


the conclusion that the systematic errors of the scale have greatly 
influenced the value of 5/A 2 obtained from the data of molybdenum 
and that they have similarly influenced the value of 5/A 2 derived 
from my other measurements and that therefore the value of 5/A 2 
derived from my measurements differs from the theoretical value. 
1 have tried to measure the fictive grating constant d lt2 of the men¬ 
tioned ZnS crystal with NiKa lines, which after Kunzl-Koppel’s 
equation is expected to agree with the real grating constant, and 
1 have obtained the value 1909.20 X. U. which agrees well with 
the above mentioned value of the real grating constant d M . I can¬ 
not however draw any further conclusions from this agreement 
as the hues of nickel in the second order are verv much diffused. 


Now when we compare the different measurements of each 
individual series we see that the error of the angle measured in the 
same place of the scale is approximately 0.5". But the systematic 
error of the scale amounts to some seconds and as an example, 
I mention that the values of the differential glancing angles meas¬ 
ured on the left arid on the right sides of the slit have differed by an 
amount of nearly 4". Though I tried to avoid measuring with such 
parts of the scale which would seem to be contributing great 
errors, the systematic errors of the scale which have entered in mv 
measurements are such that they alone have caused a difference 
between the theoretical and the measured values 5/A 2 . For a further 
application of the differential glancing angle ^ I have used the 
measured values of the fictive grating constants. To diminish the 
influence of the said systematic errors of the scale I have measured 
the differential glancing angle for the proposed application almost 
with the same part of the scale with which the angles for the deter¬ 
mination of the fictive grating constants in the last group have 
been measured. 


Here I give in the Table No. 21 the values of the fictive grating 
constants of the zinc sulphide crystal which I have obtained and 
whose precision can be said to be amounting to 0.04 X. U. 
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Table 21. 


ZnS-crystal. 


(J 1 = 1908,87 X. b.\ . — 1909 20 X U 
d\ » 1909,11 X. IT./ - 1JUJ ’ wU L * 


Ni d 1? 2 
Cu 

Mo rfj, 2 


dn = 1909,20 X. U. 
1909,23 X.U. d* = 
1909,32 X.U. d x = 


1909,20 X. U 
1909,28 X. U 


The values of the fictive grating constants d Y and d 2 of the 
zinc sulphide crystal given in the above Table 21 are made use 
of in a new and precise method of determing tho wave-lengths 
of X-radiations which will be discussed in detail in the next 

chapter. 
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Chapter The Fourth. 


A new and precise method of determining the wave-lengths of 

X-radiations. 

In the preceding chapters, I have given a method wherein the cp~ 
and the ^-methods are combined for the determination of the grat¬ 
ing constant of crystals. In this method it could be possible only 
to use two wave-lengths in the same order as was done by Valouch 22 ) 
and BouchaKDolejsek. 23 ) In the said method wherein the and the 
^-methods are combined it is not possible to make use of the same 
wave-length in two different orders as was done by Kunzl-Koppel 24 ) 
in the manner of Pavelka. 25 ) 

Just as the differential glancing angle * is used for the precise 
determination of the constant of crystal grating with special 
advantages, it can also be used with similar advantages for the 
determination of the wave-lengths of X-radiation. For the absolute 
measurement of the said wave-lengths, it is not possible to measure 
the differential glancing angle * from two wave-lengths in the same 
order. This is however possible only for relative measurements in 
a manner analogous to the method of Lang. 26 ) He has precisely 
measured in this way the chief lines of the K-series of some of the 
elements relatively to the of copper. Schror 27 ) has measured 
with the same method some of the lines of L-series with reference 
to Cu Raj which is used as normal. 

For the absolute measurement of the wave-lengths of X-radia¬ 
tion it is only possible to measure the differential glancing angle 
x m ,n of the same wave-length in two different orders m and n 
(n < m). Such a determination of the wave-lengths from n is, 
in a way, an analogue of the Kunzl-Koppel’s method for the de¬ 
termination of the grating constant of crystals. Kunzl and Kop- 

22 ) M. A. Valouch, Bull. <lo l’Acnd. do Sc. do Bohcme 28 (1927), 31. 

23 ) F. Bouehul-V. Dolejsek, C. II. 191) (1934), 1054; Cason is 05 

(1935), 34. 

24 ) V. Kunzl-J. Koppel.C. JR. 196(1933), 787; 196 (1933) 940; Cason is 
63 (1934), 109; Journ. do Phys. 5 (1934), 145. 

2& ) A. Pavelka, Bull, do l’Acad, de Sc. do Bohcme 28 (1927), 442. 

2a ) Jv. Lung, Ann. d. Phys. 75 (1924), 489. 

2? ) J. Schror, Ann. d. Phys. 80 (1920), 297. 
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pel in working out their method have shown that there exists 
a difference between the fictive grating constants derived from the 
angle <p and those derived from the angle n . It was show that 
the fictive grating constants derived from the differential glancing 
angle ^ in two different orders of the same line, where 

* — <p*n — (p*m for n > m, (A') 

are not functions of eacli individual index seperately as it is in 
the case of 


where 


m). = 2 d m sin <p m , 
nX — 2 d n sin <p n , 

* = <Pn - (fmr 


( 1 ) 

( 2 ) 

(A) 


(f m and (f n being directly measured glancing angles, but are the 
functions of both indices, m and n simultaneously. In this case, 
therefore, the Bragg's law must be expressed thus: 

mX = 2 d m>n sin 9 ?* mt ( 1 ') 

nl = 2 d mtn sin <p* n . ( 2 ') 

From the original equation of Bragg, Pavelka 28 ) has deduced an 
equation showing the relation between 9 ? and ^ which runs thus: 



, m). 

(I — — ; . 

2 sm (p m 

This equation, as the original equation of Bragg, does not hold 
precisely true. Kunzl and Koppel 29 ) however having grasped the 
difference between 95 * and 9 ?, which I have already pointed out, 
have deduced the following equation which gives the relation 
between 9 ?* and and from which precise values of the fictive 
grating constants can be derived: 


sin <p* m 





rnX 

2 sin (p* m ‘ 


From the equations (1'), (3') and the Kunzl-Koppel's equation 
expressing the direct connection between the fictive grating con¬ 
stants dm,m din and d^. 

28 ) A. Pavelka, loc. cit. 

29 ) V. Kunzl-J. Koppel, loc. cit. 
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I have derived an equation for the precise determination of the 
wave-lengths, which needs the measurement of the differential 
glancing angle x, of the same wave line in two different orders 
m and n and the fictive grating constants d m and (l n . It runs: 




Now in order to verifv this 

equation I have measured the 

wave-length ?. of K^of Ag which 

has been measured preciselvbv dif- 
_ * % 

ferent authors. I have also meas¬ 
ured the K\j line of Ga*) which 
has been until I now measured only 
by one author and the measured 
data are not sufficient. I give here 
a series of measurements of the* 
differential glancing angle * of 
Ag in the Table No. 22. The 
value of the wave-length of Ag 
K.\ l ooS.ll X. U. is derived from 
the use of the* measured angle * 
and the mentioned values of the* 
fictive grating constants d m and 
d„ of the zinc sulphide crystal. 
The silver lines obtained with zinc 
sulphide have been very sharp 
and we could with the obtained 
dispersion and with our method 


Fig. 0. ZnS-crystal, distance slit- 
plate 50 cm (25 x enlarged). 

and in the second orders for x 


guarantee the precision of our va¬ 
lues of ?. to the third decimal place 
of a X. U. From the spectrogram 
of the AgKvj lines in the first 
i ,2 measurements given in the Fig. 


*) My best thanks are due to Prof. Dr. Stfrbu - Bohm who lias been 
pleased to apply one of the least volatile compounds of gallium bv a spe¬ 
cial process on the anticathode for the generation of characteristic x-radia¬ 
tions of gallium. 
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No. 9 it can be seen, that the use of zinc sulphide crystal as a diffrac¬ 
tion grating for this region of shorter wave-lengths is very advan¬ 
tageous. But as the differential glancing angle x is small and as the 
mentioned errors of the scale influence the value of the measured 
glancing angle, which is comparatively small, we can only say that 
the said value of X of Ag K\ x agrees within the limits of the 
obtained precision and observation with the values determined by 
different authors mentioned in the Table No. 22. 


Table 22. 

A series of measurements of the differential glancing angle x lf2 of 

silver (Ag Ktxj). 


Plate 

No 

J mm 

J' 

a: 

^i>2; t 

Jxfor 

Jt° C 

* 18° C 

mean 
value of 
x IS 0 C 

473 

0,138 

V 53.3" 

17° 12' 50,0" 

8° 35' 28,3" 

1.0" 

8° 35' 29,3" 

1 

5 

o 

480 

0,167 | 

2' 17,1" 

17° 8' 43,0" 

8° 35' 30,1" 

0,8" 

8° 35' 30,9" 

1 

CO 

482 

0,197 1 

2' 41,7" 

17° 8'20,0" 

8° 35' 30,9" 

1,2" 

8° 35' 32,1" 


V 

o 

484 

0,129' 

V 45,6" 

17° 12' 48,0" 

8° 35' 31,2" 

0,6" 

8° 35' 31,8" 

• 

CO 

o 

00 


From Ag K*, differential glancing 
angle x 1 , 2 = 8° 35' 31,0"; | 

and ZnS crystal <l x = 190S,87 XU, >. Ag Kaj /. = 558,11 XU 

cl 2 = 1909,11 XU 

Lang (rel. to Cu K*j) .. . 558,18 XU 

Leide . 558,21 XU 

Edlen . 558,28 XU. 


Another verification of this method I give through the meas¬ 
urement of the wave-length of gallium K oc x whose glancing angle <p 
and the differential glancing angle are comparatively greater 
than those of Ag and the errors of the scale have smaller influence 
on the wave-length X of of gallium than in the case of silver. The 
obtained gallium lines have been sharp enough for the precise 
measurements. These measurements and the results are given in 
the Table No. 23a and 23b. In the Table No. 23a we have a series of 
measurements of the glancing angle and in the Table No. 23b 
a series of measurements of the differential glancing angle ?4n,w 
From the angle <p I have obtained a value of X for Ga — 
= 1337.19 X. U. and from the differential glancing angle x m , n 
a value of X = 1337.35 X. U. In these measurements with the said 
adjustment of the crystal the influence of the errors of the scale is 
greater than the influence of the error due to the displacement of 
the reflecting plane of the grating crystal. But in the measurements 
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A series of measurements of the glancing angle qi of GaK«i. 


Table 23a. 



From Ga (f x = 20° 30' 11,0; •» 

and ZnS crystal d x = 1908,87 XU / 


Ga Kx t X = 1337,19 XU 


A series of measurements of the differential glancing angle *i >2 

of Ga Kai. 

Table 231). 


A mm 



0,283 
0,255 
0,201 
0,249 
0,250 

493 0,219 

494 0,250 

495 0,250 

496 0,243 


3' 52,3" 
3' 29,3" 
2' 45,0" 
3' 24,4" 
3' 25,2" 
2' 59,8" 
3' 25,2" 
3" 25,2" 
3' 19,5" 


47° 

47° 

47° 

47° 

47° 

47° 

47° 

47° 

47° 


51' 

51' 

58' 

52' 

58' 

58' 

58' 

58' 

51' 


58,1" 

49,1" 

21,4" 

1 , 6 " 

25,6" 

28,6" 

35,6" 

36,0" 

55,9" 


23° 

23° 

23° 

23° 

23° 

23° 

23° 

23° 

23° 


57' 50,2" 
57' 39,2" 
57' 48,2" 
57' 43,0" 
57' 30,2" 
57' 44,4" 
57' 35,2" 
57' 35,4" 
57' 37,7" 


-Ittfor 
At c C 


4,0" 

4,5" 

4,8" 

4,6" 

3,5" 

3,1" 

3,5" 

4,3" 

3,8" 


From Ga Ka 1 differential glancing angle 

y, — OOO r,7' 44 4". 

and ZnS crystal d x - 1908,87 XU, f 

d 2 = 1909,11 XU J 


* 18° C 


23° 

23° 

23° 

23° 

23° 

23° 

23° 

23° 

23° 


57' 54,2" 
57' 43,7" 
57' 53,0" 
57' 47,6" 
57' 33,7" 
57' 47,5" 
57' 38,7" 
57' 39,7" 
57' 41,5" 


mean 
value of x 
at 18° C 



Ga Kaj X = 1337,35 XU 


of the differential glancing angle though the influence of the 

errors of the scale is similar to that in the measurement of the 
glancing angle (p , the errors of the adjustment of the crystal are 
very much diminished in the value of the wave-length derived 
from the differential glancing angle x m . n . Therefore the value 
X = 1337,35 X. U. derived from the differential glancing angle 
is taken as the precise value of the wave-length of gallium Ka x . 
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Uhler and Cooksey 30 ) have obtained A ^ 1337.15 X. U. In their 
determination of the said value of A they have taken a value for 
the grating constant of calcite (CaC0 3 ) other than the usual value 
which is used for the precise determination of the wave-lengths of 
other elements. Siegbahn 31 ) has recalculated this value with the 
normal value of the grating constant d x = 3029,04 X. U. and has 
obtained 1337,8 X. U. Just either one of these two values of Uhler 
and Cooksey shows a discontinuity from the values given in its 
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Fig. 10. 


neighbourhood after Moseley’s law. The values obtained from Uhler 
and Cooksey, therefore, must have a certain discrepancy. The pre¬ 
cision of these values as well as that of the values which I have 
obtained from the glancing angle y and the differential glancing 
angle x niin can be compared with the help of Moseley's law. 

For a crucial test of the precision of the measurements of A 
Ga Ka, I have made use of the Moselev’s law after the modifi- 
cation of Dolejsek-Pestrecov. 32 ) Dolejsek and Pestrecov have 

30 ) H. S. Uhler-C. D. Cooksey, Pliys. Rev. 10 (1917), 645. 

31 ) M. Siegbahn, Spektroskopie, Berlin, 1931. 

32 ) V. Dolejsek-K. Pestrecov, C. R. 188 (1929), 164; Zs. f. Phys. 53 
(1929), 566; Phys. Zs. 30 (1929), 898; K. Pestrecov, Publications de la fac. 
des Sc. de l’univ. Charles, No. 90, 1929; V. Kunzl, Publications de la fac. 
des Sc. de l’univ. Charles, No. 130, 1930. 
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utilized the equation: 

4 = 0 + 6^ + f*V 2 + dx* + eX\ 

where N is the atomic number and «, b , c, d and e are con¬ 
stants which are so determined that the equation holds true for 
the elements of the group of rare gases. It is with this equation, 
that the values of v/R are calculated for the other elements. The 
difference between these calculated values and the values derived 
from the direct measurements are taken as the functions of the ato¬ 
mic numbers. With this modification we have thus a schematic 
course and the precision of the measurements can be tested very 
well through the survey of each and every discontinuity in the said 
course. In the Fig. 10, I give in the above mentioned system the 
graphical representation of the values A {v/R) between the measured 
values and the calculated values A(v/R) = v/R C a\c. m v/Rmes.■> as a 
function of the atomic number. From this graph it can be seen for 
gallium and its neigbourhood that the value of A obtained from gq 
of Ga Kcq lies in the curve course of the older measurements 
which are signified by small circles. The value of A obtained 
through x v2 lies on the curve obtained from the latest measure¬ 
ments, marked with the symbols of multiplication. I have denoted 
my measurements of gallium with black circular dots, though the 
precision of our measurements has been limited by the precision 
of the scale, the value obtained with our method is of such a pre¬ 
cision which is obtained only by the latest methods of precise 
measurements. 

Now from these observations it can be seen that the value of 
the wave-length obtained through y. is more precise than that 
obtained from cp. A further test of the precision of this value of A 
of Ga is also possible by new precise measurements of its neigh¬ 
bouring element germanium (Ge, atomic number 32) for which 
there is only one older value by Leide. 33 ) From this graph it can 
further be seen that in this region of elements for Kaq-lines with 
our value of the A of Ga Koq obtained from x l , 2 there exists no 

discontinuity greater than nearly 0.05 X. U. 

In relation to the value of A of Ga Koq which I have obtained 
from the differential glancing angle x l9t I have measured the wave¬ 
length of Ga K(x 2 . From the measurements 1 have obtained the 
difference A(p — 3' 47,0" which corresponds to AX = 3,94 X. U. 
Thus the following values of A are obtained for gallium 

K*j = 1337.35 X. U. 

K* 2 = 1341,29 X. U. 

33 ) Leide, Dissert. Lund, 1925. 
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From the test of the precision of the measurements of A of K oc t 
obtained from *as can be noted from the above mentioned 
graph, it becomes evident that the use of the differential glancing 
angle * for the measurement of the wave-lengths offers the same 
advantages in diminishing or eliminating the errors due to the 
displacement of the Bragg’s reflecting plane from the axis of the 
spectrograph as in the case of the measurements of the constants of 
crystal grating as it has been already shown. If we compare from 
the graph the A(v/R) of the older values of the elements at. number 
30 and 32 which are the neighbouring elements of Ga (at. number 31) 
we note that they differ from the new and more precise values 
given by the Siegbahn’s school by about 0.1 X. U. From these 
facts which I have mentioned it becomes obvious that such a differ¬ 
ence can be caused also in the case of a perfect crystal through 
a small displacement error (some thousandths of millimetre) in the 
adjustment. 


* 
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A Brief Summary In Czech. 


Dalsi propracovani metod uzivajicich k urceni mfizkovych 
konstant rozdilu dvou uhlu sklonu misto primeho mereni uhlu 
sklonu. Metody tyto bylv na zaklade pracf Pavelky a Vaioucha 


vypracovany Kunzlem a Koppelem a analogicky Bouchalem 
a Dolejskem, pfi cemz byla Siegbahnova precisnf metoda pro 
m£reni uhlu sklonu y aplikovana na mereni uhlu Autor potvrzuje 
vyhody plynouci z metod zalozenych na uhlu * proti metodam 
uzlvajiclm uhlu y merenim vykonanym se spektrografem noveho 
typu, v nSmz konusv slouzici k upevneni a regulaci kasety jsou 
nahrazeny precisnf zabrousenymi soustrednymi valci. ktere bylv 
zhotoveny Skodovymi zavody. Z vysledku timto spektrografem 
zfskanych je zrejme, ze presnost spektrografu pine dostacuje ucelu 
prace, pfi cemz soutfasne jsou potvrzeny vysledky praci pfedchozich 
autoru. 


Mfefenl byla provedena na krystalu sfaleritu (ZnS). Pfi diskusi 
ziskan^ch vysledku ukazuje autor na moznost, jak lze vyhody 
plynoucl z *-metod zvysiti tim zpusobem. ze se tyto metody 
kombinuji s m&renim uhlu y. Autor postupuje tim zpusobem. ze 
z hodnot zfskanych mSfenim uhlu odvozuje hodnoty uhlu y, 
ktere by odpovidaly mrizkove konstante, urcene z uhlu «.*Ponevadz 


tato hodnota mrizkove konstanty je velmi blizka spravne hodnote, 
je mozno z rozdilu uhlu cp mefenych a pocitanyeh uvedenvm zpu¬ 
sobem, urciti chybu justace krystalu a z teto 'justacni chybv pak 
urtfenim korekce uhlu x nalezenou hodnotu mrizkove konstantv 
— jiz velmi blizkou spravne hodnota — korigovati. Verifikace 
postupu uvedeneho je zfejraa z vysledku. 


Tak udava metodu, pri niz, jak z jejich vysledku je videti, 
lze i pfi velmi znaCn^ch chybach krystalu dostati spravny vy- 
sledek, pri £emz sou£asn6 kombinaci obou metod je dosazeno 
kontroly spravnosti zfskanych vysledku. 

_ Autor uziva dale prav6 popsane metody k precisnimu mereni 
mfizkovych konstant krystalu, pfi £emz postupuje nyni tim 
zpusobem, ze m6fi pouze uhly sklonu y metodou Siegbahnovou. 
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a to pro dve vlnove delkv a dva rad}' pri teze posici krystalu. 

Uhel * nyni lie men zvlaste pfimo, jako v prvnim pfipade, nybrz 

urcuje jej z merenvch uhlu sklonu q?. V tomto pripade ovsem 

jsou do uhlu * pfenesenv chvby. ktere vchazeji do mefeneho uhlu cp 

vlivem sklonu reflexm roviny od osy krystalu (vertikalni justace), 

takze krystal nutno nyni justovati velmi pfesne, coz provadi 

autor pfimym mefenim na deskach a metodou pomocneho zrcatka 

a skalv. 

% 

Jako aplikaci metody urcuje autor fiktivni mrizkove kon- 
stantv sfaleritu (ZnS). jenz nalezi do skupiny kiystalu, jichz 
stepne plochy nesouhlasi s reflekcnimi rovinami Braggovymi, 
jak zjistila v dosud nepublikovane praci Ad. Nemejcova souhlasne 
s merenimi krystalografickymi prof. Ulricha. V takovychto pri- 
padech je pfesne mereni mriikovych konstant normalnimi meto- 
dami nemozne. 

Uvedenou metodou autor urcuje jednotlive fiktivni hodnoty 
a ukazuje, v kterych pripadech raa vyznam pouziti kombinace 
uhlu (p a a v kterych pripadech (dlouhe vlny a v} r ssi fady) jiz 
pouhym primym pouzitim uhlu x, k urceni mrizkove konstanty 
lze dociliti v mezich docilene presnosti spravnych vysledku. 

Dale ukazuje autor, ze vliv primisenin v krystalu ZnS na 
zm&nu jeho mrizkove konstanty je pri dvou jim pouzitych krysta- 
lech mensi nez 0,2 X-jedn. 

Autor urcil hodnoty fiktivnich mrizkovych konstant, aby jich 
mohl uziti pro precisni mereni vlnovych delek pomoci me tody, 
coz je obsahem dalsi casti prace. 

Vysledku uvedenych v pfedesle casti, kde se zabyval merenim 
fiktivnich mrizkovych konstant, pouzil autor k pfesne justaci 
Braggovy odrazove roviny do osy spektrografu. Timto zpusobem 
podafilo se mu dociliti toho, ze odchylka Braggovy rovinj^ reflekcni 
od osy spektrografu by la asi 0,001 mm. Tohoto postaveni krystalu 
lze dosahnouti pomoci opticke metody jen u krystalu s bezvadnymi 
reflektujicimi plochami. S nim provedl autor nova mefeni fiktiv¬ 
nich konstant sfaleritu. Pfi diskusi vysledku mereni ukazal, ze 
pfesnost mefeni by la omezena jedine pfesnosti skaly, a kdyby 
maximalni chyba skaly byla 1 ", bylo by mozno pomoci teto metody 
zaruciti pfesnost mfizkovych konstant na 0,001 X jednotek. 

V dalsi casti ukazal autor, ze lze mefenim rozdiloveho uhlu * 
teze linie ve dvou ruznych fadech stanoviti absolutni hodnoty 
vlnovych delek linii ze vzorce 

2 d m sin 

mk = — 


m 9 n 



TV d m ■ 

2 - --j- . COS tt OT ,n+l 

m d n 
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Ten to vzorec verifikoval autor experimentally mefenim car K a 
u stribra a galia. V diskusi vysledku ukazal, ze uziti metodv x pro 
mefeni vlnovych delek ma tytez vyhody jako pro mefeni mfizko¬ 
vych konstant. Zpusob m&reni linii autorem udany vychazi z me¬ 
lody Kunzlovy a Kopplovy pro presna mefeni mfizkovych konstant. 

Aplikace metody na mefeni mfizkovych konstant pomoci dvou 
linii v temze fade, jak ji udali Valouch, Bouchal a Dolejsek, neni 
pro absolutni mefeni vlnovych delek mozna. nybrz lze jf uziti jen 
pro mSreni relativni, podobne jak to ucinili Lang a Schror precis- 
nim mSfenim linii relativne k Cu K a jako normalu. 


Pomoci Dolejskovy a Pestrecovy modifikace Moseleyova za- 
kona srovnava autor hodnotv, ktere mefil pro Ga K oc Y (A = 1337,35) 
a K<% 2 (A = 1341,29) s hodnotami sousednich prvku a s hodnotami 
Ga Kcx, ktere mefili Uhler a Cooksey. Ukazuje, ze hodnotv stano- 
vene metodou ^ souhlasi s nejnovejsimi pfesnymi hodnotami 
sousednich prvku. 
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